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Education for All? Complex solutions to complex problems in the Nigerian education sector. 
Nafisa Waziri 
As Nigeria has grown to be the biggest economy on the continent, it also has earned the 
unfortunate distinction of having the highest number of out of school children in the world. 
Population growth disproportionate to investments in the education sector have stretched out 
resources to the detriment of quality. In the North, the majority of pupils are functionally illiterate. 
This is further compounded by a security (and humanitarian) crisis with girls in particular facing 
daunting odds. While the South has slightly better learning outcomes, there has been a steady 
decline in performance across the board. Unstable enrolment rates, high poverty levels, growing 
gender disparity and poor teaching quality have meant that even committed states face severe 
challenges in their efforts to improve the education system. Nonetheless, limited resources are still 
directed towards closing the education deficit. One of the most notable efforts is the Education 
Sector Support Programme in Nigeria (ESSPIN).  
Using ESSPIN as a case-study, this thesis explores the potential of a new approach to development 
planning and implementation in the education sector; a complex adaptive systems approach. 
Structured in two parts, the research first makes the case for viewing the education sector as a 
complex system, and then moves out of the theoretical domain into development practice (a 
modelling exercise). Two of the most populated states (Kaduna and Lagos), representing the 
North and South are selected for analysis. To understand the dynamics of change processes, the 
research adopts investigative techniques (observations, interviews and interactive surveys) to 
collect primary data first-hand, and then simulates the social system using technical instruments 
(computing platforms and coding libraries). With secondary data from state records and projects 
reports, these elements come together in the development of one model architecture – the School 
Improvement Programme Model (SIPM).  
This research is a critical analysis of simulating social systems. It aims to shed light on the insights 
that can be gained from complex systems thinking, as well as its limitations. Results from the SIPM 
indicate that this approach can be utilised to recreate historical states within an acceptable range 
of accuracy. Thus, there is some potential for the SIPM as a tool to reasonably anticipate how 
changing conditions might affect the impact ESSPIN in the future. This research also provides a 
frank discussion on the challenges of this approach – the difficulty of ascertaining the precise 
effect of each element, over-elaborated processes, the degree to which assumptions about the 
system are inevitable, and the potential implications of any one of these considerations on the 
model. Overall, this approach demonstrates the multiple ways elements are connected in the 
education system. As with the famous metaphor of the butterfly effect, the SIPM operates under 
the same principles that allow small changes to produce a chain of events with large scale 
differences in a system. Processes of development (indeed change) are shown to be non-linear, 
and this thesis argues for a higher level of flexibility, while unpacking the problem of “measuring” 
project outcomes. By weaving together theory and practice, this research aims to contribute to 
development planning in Nigeria, and more generally to the design (and application) of models in 
an often “messy” and complex development space.  
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1 
1. Introduction 
“All models are wrong, but some are useful” 
George Box (1976) 
Delivered well, education can raise aspirations, set values, and enrich lives. However, it must 
advance learning and the acquisition of skills to be of use to individuals and societies. While many 
of the standard orthodox (and somewhat vague) remedies is met with fatigue, education is still 
recognised by most nations as a powerful tool to advance the overarching goals of ending extreme 
poverty and boosting socio-economic prosperity. Education sits at the centre of a human centred 
development approach. It encapsulates the process of enlarging people’s freedoms and 
opportunities as proposed by the pioneering economist and philosopher Mahbub ul Haq, and 
conceptualised by Amartya Sen’s capability approach (Sen, 1990). With this departure point, 
arguing for education’s place at the top of the development priority list is not controversial. Global 
history supports the notion that a literate, numerate populous has an immense impact on the 
development of nations.1 It is thus quite disheartening to observe the trajectories of learning 
outcomes in many developing countries. In Nigeria, for instance, where there are over 10 million 
school-age children out of school, performance has lagged and appears to have worsened over the 
last decade (NEDS, 2015; Ogbonna, 2016). Moreover, the pecuniary outcomes anticipated to 
come from education initiatives do not appear to be significant2 (Uwaifo Oyelere, 2010; Akande, 
2014; Fawehinmi, 2018) and evidence is mixed on the degree to which indirect social impacts can 
be traced to educational efforts3. This raises two flags; first, how the programmes have been 
designed/implemented, and second, what (and how) results are being measured – indeed, what 
indicators hold value. Many of the development interventions have such a high degree of 
heterogeneity, it is incredibly challenging to draw conclusions with any confidence.  
Thus, the distinction between schooling and learning is significant. The crisis in learning has 
long been hidden because education systems have had little information on who is learning 
(Unterhalter and Brighouse, 2007; World Bank, 2018b). Measurement has centred on enrolment, 
attendance, transition, and completion rates, which effectively leaves the crisis invisible. Universal 
                                                 
1 Underscoring this is the opportunity and ability to achieve as encapsulated by the capability approach 
framework. 
2 With the exception of those privileged to have access to a good quality education who have indeed reaped 
substantive pecuniary benefits. 
3 In fact, a strong argument can be made that there have been significant negative effects (security crises) 
from the poor quality of education. 
 2 
primary education policies in the 1970s and 1980s resulted in staggering enrolment rates – over 
500% in some Nigerian states. Considered a success, these programmes ramped up the numbers 
of children in classrooms but did not do enough to build the capability of education agencies to 
keep up with the rapid growth rate.  The decades following show that there has been a gradual 
decline in learning outcomes across the country (Ogbonna, 2016). This highlights a recurring 
challenge the Nigerian government and development practitioners frequently face. While looking 
here (at accessibility issues), they neglected something critical happening over there (deterioration in 
quality). In this way, efforts are constantly being undercut. Today however (as the consequences 
have become so dire), the schooling and learning gap is no longer so invisible and many 
development actors operate in this space, attempting to align education systems with learning. And 
yet, managing a complex system to improve learning is difficult. Taking one state as an example, 
Kaduna’s Annual School Census (ASC, 2017) shows that its education board manages roughly 1.5 
million learners in public primary schools, through a network of 23 local government education 
authorities (this has since been expanded). These offices oversee 33,714 teachers4 in 4,264 primary 
schools. Even routine tasks require clear communication and coordination between multiple parts 
of the system. This complexity/crises is bound to further escalate; by the turn of the century, 
Nigeria’s population is projected to hit one billion (United Nations, 2019). Thus, the monumental 
challenge facing the government is how to (meaningfully) educate on such an enormous scale.  
Many researchers, development practitioners, and even governments have recognised that the 
education sector – indeed, all sectors – operate as complex system and as such, interventions must 
necessarily incorporate this complexity (Ostrom, 1990, 1994; Sen, 1989, 1990; Hanushek, 1995; 
Ramalingam et al., 2008; Khandker, Koolwal and Samad, 2010; Rogerson, 2011; Ramalingam, 
2013). It has been traditional in the field of international development to deal with these challenges 
using well known tools of the trade – articulating clear and comprehensive Theories of Change or 
more conventionally, Logical Frameworks (developed by the U.S. Agency for International 
Development in the 1960s). These (often) elaborate documents present a step by step roadmap 
that connects smaller intermediate results with longer term goals. It presupposes that one action, 
would logically produce a certain reaction, which would in turn result in desired, pre-determined 
outcomes.5 Given accountability requirements and the uncertainty around development planning, 
it appears to be a reasonable approach which aims to offer a sensible guide. By illustrating how a 
                                                 
4 Only 27,749 have teaching qualifications (~82%) 
5 In some cases, these programmes may even be nested in principles articulated in Sen’s capability approach 
(Sen, 1990; 1999; 2005). Hence, the issue here is that of how programmes are conceived, implemented and 
measured.  
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desired change is expected to happen in a particular context and why, it tries to delineate as precise 
a connection as possible. While understandable, a fundamental flaw in this approach is that it 
focuses primarily on what can be directly measured, within a limited time frame. Meanwhile, the 
Nigerian education sector is littered with development projects that have failed to deliver on their 
stated goals, and rarely outlasted donor support. It is significant that these interventions frequently 
fail to work and this has led to the general acknowledgement that popular neo-classical economic 
models of the development process merely provide a set of “simplifying fictions about the world 
which allow us to cut through the complexities of the real world” (Ramalingam et al., 2008, p. 60 
– summary on Krugman, 1996). 
Beyond an appreciation and strategic reorientation on the nature of development challenges 
(and therefore, interventions), an important methodological case can be made for this approach. 
The noted economist and philosopher Amartya Sen (1989; 1990) argues that 
… if an underlying idea has an essential ambiguity a precise formulation of that idea must try 
to capture that ambiguity rather than attempt to lose it. Even when precisely capturing an 
ambiguity proves to be a difficult exercise, that is not an argument for forgetting the complex 
nature of the concept and seeking to spuriously narrow exactness. In social investigation and 
measurement, it is undoubtedly more important to be vaguely right than precisely wrong. 
(Sen, 1990, p. 45) 
From this premise, there is potential value in taking a more adaptive, systemic, networked and 
dynamic approach to development. With so many moving parts, societies often have a multitude 
of forces driving change in different directions. As described by Hivos (2015), “change emerges 
as a result of the simultaneous push and pull of multiple political, cultural and social forces involving 
many individuals and entities”. Its ultimate course is rarely determined by any discrete or single 
event, but rather, the culmination of many decisions/actions, shaped by social norms operating 
on different fronts.6  Nor do such complex processes occur in isolation. They are highly contextual. 
They depend on the goals of actors, as well as the relationship between those goals, strategies, and 
intended outcomes. This approach can help development practitioners better understand and 
critically engage with the nature of the problems faced. As highlighted by Ramalingam (2013), it 
presents the world (and development challenges) with greater realism and fidelity, recognising that 
                                                 
6 Except for unintended changes necessitated by natural disasters  
 4 
genuine development is the emergent sum of many acts. The process must be dynamic to meet 
the challenge of each country, of each generation.  
Accordingly, this thesis is nested within this approach to development: a complex adaptive 
systems approach. As such, it moves between development thinking and practice. By viewing the 
Nigerian education sector as a complex system, it analyses the strategic approach of development 
interventions in this space, and aims to draw conclusions that may help shape development policy 
deliberations.  In doing this, the thesis employs tools that can facilitate the study of such systems 
– agent-based models (a methodological exercise). Developed from the bottom up, these models 
allow researchers to study the complex relationships of critical actors in a system under a variety 
of conditions. As has been demonstrated (Epstein and Axtell, 1996; Bigbee, Cioddi-Revilla and 
Luke, 2007; Brookings, 2008), it emphasises the micro processes that go on to produce emergent 
macro-scale patterns. Because agent behaviours can be altered by direct interaction or indirect 
influences, it provides a more realistic view of the system: people are changing and adaptable. This 
offers a good starting point for exploring the decision-making processes of stakeholders rather 
than assuming behaviours stem from outcomes reasoned based on general propositions. As noted 
by development practitioner Ramalingam (2013, p. 203), “it is more a mindset than technology”. 
These features have been very difficult to account for in conventional economic models leading 
The Economist (2010) to recognise agent-based models as “one of the most promising alternatives”. 
A unique benefit of this approach is that it does not assume that the system can achieve a settled 
equilibrium and so, order is not imposed from the top down. Therefore, feedback mechanisms 
can amplify small effects such that they need not be proportional to their causes. Moreover, with 
this approach it is necessary to explicitly state all underlying assumptions of the system (if there are 
any) – a mostly useful endeavour. Accordingly, this thesis argues for a paradigm shift in the current, 
predominant development approach described above, and makes the case for this shift using the 
emerging tools of the trade; agent-based models. 
Broadly speaking, the purpose of this research is to conceptualise, simulate, and analyse a social 
system undergoing a ‘development process’. Within this context, the development process refers 
to a project, programme or policy being implemented to deliver desirable (and in most cases, 
specific) socioeconomic improvements. The main contribution this research hopes to make is to 
enhance learning and inform planning in development strategies – this overarching goal is 
subdivided into specific research questions outlined in Section 1.2. The potential benefit from the 
1.1 Research aims and contribution 
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application of principles of complexity sciences in the field of international development is that it 
allows researchers and policy makers to understand changes over time, how agents adapt to these 
changes, and what incentive structures could lead to optimal cooperation and outcomes. On a 
practical level, this study shall also attempt to contribute to the growing body of work seeking to 
make a connection between social scientific research and complexity theory models. Most of the 
existing research in this field has been based on incorporating concepts from complexity science 
into the social sciences and/or the application of complexity science methods in social analysis, i.e. 
a blending of theoretical and methodological approaches.  
In this regard, this research brings together theories from complexity sciences – in conjunction 
with the case study method – to suggest new ways of studying the system as an integrated whole. 
By using a case study approach, complexity concepts are not just considered in abstract terms but 
also applied within the context of the real world (i.e. the idea of ‘bounded applicability’ by Snowden 
(2010)). Accordingly, utilising this concept to analyse development interventions in the Nigerian 
basic education sector can help provide insights into what has, and has not impacted on learning 
outcomes in the selected states, as well as how effective development programmes can be 
conceived and designed in the future.  
To achieve the main aims set out in Section 1.1, this research is structured in three parts. The first 
part of the study will be an explorative and theoretical enterprise. As this study is set in the context 
of education programmes in Nigeria, an extensive analysis is carried out on the education system 
and how interventions have impacted on the sector. The complex interactions of a variety of 
stakeholders under dynamic and changing conditions is used to make the case for viewing the 
sector as a complex adaptive system. Here, complexity theories shall be suggested as a tool to 
complement (or perhaps supplement), classical methods and is used to enhance general 
understanding of social systems. This approach shall also investigate how complex systems models 
can be utilised to study education systems and will inform subsequent stages of the research 
regarding modelling the Nigerian education sector. It will attempt to answer the following 
questions: 
1. What are the dynamics of social and economic change in the Nigerian basic education 
sector? 
2. How can concepts from complexity sciences help in better understanding the development 
1.2 Research objectives 
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processes in the Nigerian education sector? 
 
The successful completion of these first set of objectives will allow for the practical application of 
these concepts in a contextual case study. In the second stage, the theoretical and methodological 
discussion shall be taken a step further by practically mapping out a development intervention in 
the education sector – in this case, the Education Sector Support Programme in Nigeria (ESSPIN) 
has been selected as a suitable case study for this research. The basis of complexity sciences is that 
the elements of a social system cannot be considered in isolation from the rest of the system and 
accordingly, this part of the research will identify the different dimensions and variables. It will 
also investigate the mechanisms of cooperation among the implementing agencies as well as 
between other groups relevant to aid delivery. This will serve to better inform on the entire system 
based on interaction processes and linkages as different levels link up, reinforce, or undermine 
each other.  Accordingly, the next objective will be to determine: 
3. (How) can development interventions (in this case, ESSPIN) implemented in complex 
systems (the Nigerian education sector) be modelled using computational simulations? 
 
Based on the information gathered in the first stage of the research, modelling exercises will be 
carried out to simulate complex social phenomena in the sector. This stage of this study tracks 
changes in the system over time in an attempt to develop a holistic picture of the evolution of the 
system. The last set of objectives will follow through to analyse: 
4. What are the implications of the complex systems approach in terms of international 
development theory and practice? 
 
To meet these aims and objectives, this research adopts a set of mixed methods and approaches. 
The questions identified here seek to establish the link between complexity sciences as an approach 
as well as a method of analysis within the context of international development. By carrying out a 
systematic analysis of the different dimensions and variables, the research can provide a better 
understanding of the interactions, types of links made, and emergent properties of the system. 
Based on this, areas for innovation and novelty can be identified and development interventions 
can be targeted in areas where it can make a difference. This will serve to inform policy makers 
and help in understanding and anticipating characteristic patterns and adaptive interactions in 
international development programmes (and ESSPIN specifically). 
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After setting the scene for this research and highlighting the contributions this investigation hopes 
to yield, the thesis begins by conducting a literature review in Chapter 2 to better understand the 
context and dynamics of change in the education system by tracing the history and forces that 
have shaped the evolution of the Nigerian education system up to this point. It introduces the 
concepts of complexity and makes the case for viewing the education sector as a complex adaptive 
system. Using one particular policy (the Universal Basic Education policy), it discusses how 
programmes are operationalised in the system – the administrative structure, how it is financed, 
and the stakeholders involved. In studying complex systems, it is useful to have a framework that 
can guide the modelling process and analysis of model results. As such, it identifies two 
frameworks (Bennett’s Adaptive Dynamics and the Education Systems Intervention Modelling, 
ESIM) best suited to conceptualising the adaptive dynamics of the education system. This chapter 
concludes with a discussion of how computational models can be utilised to study complex social 
systems (i.e. ESSPIN). 
Chapter 3 presents the research design and methodology. This research sits in the intersection of 
three fields (the social sciences, computational simulations and agent-based computing), all of 
which informs the overall structure of the research. As such, this section discusses at length the 
mixed methods adopted to collect and analyse data, why and how each method was utilised and 
what they bring to the study. The selected case study is also introduced and considered in relation 
to the research objectives. An important issue for this research is the ethics of data collection and 
use. This is discussed in Section 3.5. A brief overview of the modelling framework is provided in 
this chapter with some discussion on the dynamics of the model. This chapter also introduces the 
two main analytical frameworks that will be utilised in this research which will be further unpacked 
in subsequent chapters. Lastly, Chapter 3 surveys modelling toolkits and identifies a suitable 
platform to conduct the research. 
In Chapter 4, the case study, ESSPIN, is unpacked and analysed in two states (Lagos and Kaduna). 
The rationale for the selection of these two states is covered in Section 4.2 and the design and 
structure of the intervention is explained with some context for the implementation efforts. A 
significant part of this chapter is dedicated to the results and impact of the programme in the state 
education system. The overall trends in learning outcomes across the country is studied relative to 
ESSPIN states (and specifically ESSPIN schools).  
1.3 Thesis structure 
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Chapter 5 is an in-depth analysis of the experiences of stakeholders working in the education 
systems in both states. This chapter serves as the bedrock for modelling agent decision making 
behaviours. Information from key informants and other stakeholders are utilised to better 
understand the preferences and priorities of agents, their constraints and limitations, how their 
experiences are affected by education policies and programmes. It also provides information on 
the activities carried out to implement components of ESSPIN’s School Improvement 
Programme (SIP) which contributes to the development of the model.  
Chapter 6 discusses the conceptual frameworks selected for analysis at different stages of the 
research. The data collected from field goes through a knowledge engineering process. First, the 
primary interview material discussed in Chapter 5 is “translated’ into rules that guide agent 
behaviour. This is done using Bennett's (1976) Adaptive Dynamics framework to structure the 
data as micro-level behaviours that can have observable effects at the macro-level of the system. 
Next, these behaviours and effects are “transmuted” into quantitative values and the rules 
identified in Chapter 5 are formalised using the Education Systems Intervention Modelling (ESIM) 
framework developed by Mital (2015) to specify the governing dynamics of the model. This 
framework is also utilised to determine the probability of sustaining the ESSPIN intervention by 
calculating the fitness of the system. 
Chapter 7 builds on the preceding three chapters to develop a model of the education system in 
Lagos and Kaduna states – the School Improvement Programme Model (SIPM). Two versions of 
the model were developed, one for each state. This process is described in detail, the scale of the 
model in terms of social networks, and time horizon is discussed in conjunction with the dynamics 
of change in the system. The activities/events scheduled in the model and how this affects the 
attributes of agents is also explained. A summarised version of the Overview, Design concepts 
and Details (ODD) protocol which would enable researchers to formulate the model is provided. 
Phase 1 of the implementation of ESSPIN is used as a pilot case for the SIPM and data from 
Composite Surveys and assessments of the intervention are used as secondary validation checks 
on model results (model results versus real word results of the programme). Sensitivity tests are 
also conducted on the baseline state of the SIPM, as well as the pilot case. These tests help to 
determine the degree to which the internal variance in the model is significant. 
Chapter 8 analyses the results of ESSPIN in the SIPM, and explores how the intervention/system 
would perform as conditions change over time. Various scenarios are constructed and the effects 
that ripple through the system are examined. In this analysis the Adaptive Dynamics and ESIM 
frameworks are utilised to explain how actions in one part of the system, produce effects in another 
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part. In this way, the overall behaviour of the system can be better understood. This chapter ends 
by considering the probability of the sustainability of the intervention, and offer recommendations 
on where investments might yield the greatest returns.  
This thesis concludes in Chapter 9 which provides an overview of the entire process, discussing 
and reflecting on the degree to which the original objectives set out have been met. It presents the 
key findings of the study, its limitations, and areas for future work.  
The following chapters describe a process of reconceptualisation – of the very nature of 
development challenges. With the goals outlined in this section, the thesis begins by attempting to 
understand the context and conditions through which those challenges emerge, and seeks to use 
that knowledge to inform thinking on how to address them. To guide this process, a practical 
exercise is proposed; modelling the target system. It can be complicated to model a complex 
system. However, the process reveals the many ways the system is connected and the (often 
unanticipated) impacts an action might have on another part of the system, or on the overall 
dynamics of the system. Thus, this research combines qualitative and quantitative data, with an 
agent-based simulation toolkit to model the education sector in Lagos and Kaduna states. The 
practice of simulating the social system highlights the many assumptions made by development 
practitioners about the system. And the product (the model) informs researchers on potential 
unintended consequences of an intervention. In this way, this research attempts to bridge the 
thinking-practice gap in a practical and thoughtful way.  
The SIPM produced shows that this is a promising avenue in the field of international 
development. This study demonstrates how incredibly subjective the modelling process can be, 
and highlights this as a potential limitation, as well as the great utility of the approach. Although 
all models, and this one in particular is constrained by the limitations of the modelling toolkit, the 
programmer’s technical proficiency, and the quality of data, it can still kindle useful intuitions about 
how a system might behave under different circumstances. In the hands of a knowledgeable 
researcher, it can be a powerful tool to strategically improve and magnify the impact of 
development efforts. Nonetheless, it is essential to note that a model will always be a simplification 
of the system under study. As noted by Box (1976): “All models are wrong, but some are useful”. 
They cannot represent the “real world” but they can generate model data with which to compare 
with real world occurrences. The points where they converge and depart can provide insights on 
1.4 Summary 
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important contextual factors in the system. This is the entry point for this research which aims to 
contribute something to international development approaches broadly, while tangentially 
speaking to computational simulations and analysis in the social scientific field. 
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2. Literature Review 
The first part of this chapter traces the history of the education system in Nigeria, spanning the 
pre-amalgamation of the territories that would become Nigeria, to current day. It provides context 
on how the different regions developed its own education system based on its priorities, ideologies 
and resources. Through an analysis of the literature, it touches on the milestone educational 
policies and programmes, building on how historical legacies and local politics shaped public 
response to strategies attempting to develop a coherent national educational structure and system. 
By discussing some of the key policies and their impact (or lack thereof), this chapter aims to shed 
some light on the underlying issues that have undercut many of the reformation efforts in the 
education system. Underscoring all these reform programmes and policies are national (and 
international) development goals. This entwined agenda means that educational governance in 
Nigeria involves working in a complex field composed of myriad layers and demanding 
stakeholders. Such complex systems are characterised by their rapid evolutions, and diffuse set of 
problems which offer no clear entry point for policy makers. Accordingly, the second part of this 
chapter delves into the study of complex systems. The concepts of complexity are presented, and 
its practical application with the use of modelling frameworks is discussed and proposed as tool 
for the analytical portion of this research.  
 
The chapter moves chronologically through pre- and post- amalgamation periods, independence, 
post MDGs and present day, providing context for the stark divergences between the different 
regions. With development aspirations guiding education policies and programmes, the factors 
affecting change in this system are related to the complexity concepts discussed. After 
demonstrating how these concepts underpin the sector, a range of analytical framework from 
different fields are reviewed. Sections 2.6 and 2.7 initiate the process of bridging theory and 
practice by identifying an analytical framework that can facilitate the formalising of data for the 
modelling exercise carried out in subsequent chapters. Finally, this chapter concludes by discussing 
the potential of utilising computational methods to simulate complexity and better understand 
changes in the system.  
 
As discussed by Sharif (1990), education systems do not exist in a vacuum. They reflects the 
background and needs of the society in which they have been developed, as well as that in which 
they are being implemented. To that end, the Nigerian education system has been greatly shaped 
2.1 Pre-amalgamation of the Nigerian territories 
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by centuries of colonisation, religious ideologies, and political agendas. Made up of hundreds of 
ethnic groups, Taiwo (1980) documents that the pluralistic territory (now Nigeria) had various 
forms of traditional and religious beliefs prior to the arrival of Western and Islamic influences. 
Communities were actively engaged in the transfer of their own unique local knowledge, skills and 
cultural heritage through formal and informal educational processes. However, by the nineteenth 
century, Islam had become a revolutionary factor in the development of the north (Ajayi and 
Oloruntimehin, 1976), and with its arrival, Christianity would go on to do the same in the south. 
This pre-amalgamation period (1841 to 1908) is characterised by the official split in the formal 
education systems, its administration, structure, and objectives. Divided into two protectorates, 
the North and South built on the existing and dominant education orientations. In the North, 
Islamic education systems were in operation (and had been since the fifteenth century). According 
to Colonial Government reports (Northern Nigeria Annual Reports, 1920), a tradition of 
scholarship had been so firmly established in the North with formalised, institutionalised education 
systems that the colonial administration did not interfere with indigenous Quranic schools. To 
illustrate the scale of the education system in the North, their reports estimated that there were 
about 25,000 mallams and over a quarter of a million pupils. Clarke (1978) discusses how these 
schools produced a literary and influential class learned in the teachings of the Quran, Islamic law, 
Arabic grammar and a wide range of commentaries. As such, it was from this group that the Native 
Administration officers were appointed by the government (i.e. the colonial government) to serve 
as judges, ministers, and rulers. By the time Nigeria gained independence (1960), official surveys 
show over 50,000 mallams, 2,777 ilmi7 schools, with 36,000 pupils.  
 
Meanwhile, in the Southern protectorate Christian missionaries introduced Western education 
systems in 1842. The purpose of establishing missionary schools was to propagate religious 
teachings and enable people to read the Bible in English and local languages, however, skills and 
knowledge relating to commercial enterprise, industry and administration were also a part of the 
activities of the missionaries. Within a few years, the colonial government became directly involved 
in the educational system, outlining specific policies to regulate standards to ensure uniformity, 
and injecting funding into the system. In 1882, the Education Ordinance legislation was established 
to guide education planning. It attempted to address the shortcomings of missionary educational 
system and provided specific procedures on the establishment of schools, annual evaluation of 
                                                 
7 Ilmi refers to an educational experience designed to provide students with an understanding of the 
meaning of the Quran and exposure to other specialised branches of Islamic learning (Fafunwa, 1991) 
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pupils, a system of grant-in-aid, certification of teachers, and a structure of administration (a Board 
of Education was constituted). With this policy, a means of accountability and efficiency was 
introduced into the education system in the Southern region. By 1906, this structure had developed 
into an official Department of Education (as a part of the government) responsible for education 
matters including the training of officers to plan, coordinate, control and supervise education 
development (Daniel-Kalio, 2018).  
 
The next important phase of educational policies in the country is the period from amalgamation 
to independence (1914 to 1960). In 1914, the two protectorates were politically unified and shortly 
after, the first national policy, the 1916 Education Code, was set up to increase government 
participation in the provision of education. It included the same provisions as outlined in 
Education Ordinance as well as additional measures to ensure a more equitable distribution of 
educational institutions and facilities, and a diversified, secular, and more relevant curriculum. This 
was the earliest effort to cater for the education system of the country as a whole. Studies 
(Fabunmi, 2005; Daniel-Kalio, 2018) show that the ordinance and codes were designed to assert 
strong government control over the system. Strict stipulations were set out to govern the provision 
of grant-in aid to schools and schools were graded based on the quality of the teaching staff, 
examination and progression of pupils, the level of organisation, discipline and moral instruction, 
as well as the quality of the infrastructure.  As a result, schools were frequently inspected and non-
performing schools were closed. The establishment of the Phelps Stoke Commission for British 
Africa also played a significant role in shaping early education policy in Nigeria, leading to a 
revision in the Education Ordinance policy in 1926. In addition to increased regulation over the 
proliferation of primary schools in the southern region, it also made recommendations that led to 
the expansion and strengthening of the Board of Education, higher standards for teacher 
recruitment and pay, and specifying the functions and duties of school officials (Osokoya, 2002; 
Fabunmi, 2005; Daniel-Kalio, 2018).  
 
This was a notable attempt to develop an education system that would be useful to the individual 
and community, raise the efficiency of citizens, and contribute to national development 8 . 
                                                 
8 At this point, the notion of development is strongly and primarily tied to economic growth. Although this 
conception of development has been expanded to include valuations of human well-being, to a large degree, 
the economic growth model is still prevalent in Nigerian education policies.  
2.2 Post amalgamation, pre-independence education policies 
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Furthermore, it was the first policy which attempted to take into consideration the local context, 
as well as the first to make a connection between education policy and national development. Two 
decades later in 1945, a Ten Year Education Plan was set out in what has been described by 
Adesina (1981) as “vaguely defined goals” relating to education planning. This was later revised 
and incorporated into the National Development Plan of 1945 to 1951, as well as the updated Ten 
Year Plan of Development and Welfare for Nigeria (1946). It is important to note that at this time, 
most of the policies outlined above were only being enacted in the Southern part of Nigeria (even 
though the regional territories had been united). Consequently, the traditional, Quranic and 
western forms of education co-existed and went on to influence the long-term pace of 
development of the North and South in terms of western educational attainment, and economic 
growth.  
 
Over the next decade, the Education Ordinance policy was reviewed and updated multiple times. 
In 1948, it enabled the decentralisation of the educational administrative structure to involve more 
local committees and outlined procedures for the dispensation of grants. After the division of the 
country into three regions, North, East and West in 19529, the policy was further revised to 
empower each of the regions to develop its own educational policies and systems. The North (with 
the largest territory) restricted Western forms of education and considered it to be disruptive and 
at odds with Islamic ideology and instead, chose to send children to Quranic schools (Clarke, 1978; 
Ozigi and Ocho, 1981 document some of the attempts to expand western schools); the East and 
West adopted similar strategies with Universal Primary Education (UPE) strategies. However, the 
administrative and statutory features differed (Sasnett and Sepmeyer, 1967).  In 1959, the Ashby 
Commission carried out a broad investigation on the country’s manpower needs for the next two 
decades. This Commission also reported on the higher education needs and how it could be the 
driving force for national economic development. Notably, its report highlighted the imbalance in 
the development of education in the North and South, as well as between the levels of education. 
It consequently sought to establish the University Commission of Nigeria which could maintain a 
uniform academic standard across the country. However, the regional imbalance was not 
addressed at this point and the policy of decentralisation remained.   
 
                                                 
9 The McPherson Constitution established a central legislative council, consolidated this split, and provided 
one of the earliest federalist structures for the country.  
2.3 Post-independence educational policies 
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With its independence in 1960, the Federation of Nigeria’s educational policy centred on creating 
a system that could develop a strong workforce for economic development. Another important 
element was to ensure that the civil service was made up of indigenous citizens seeking to promote 
the values, interests and priorities of the newly formed country – the challenges of nation building 
(Woolman, 2001). Unfortunately, the policies did not practically enable these aspirations. In a 
sweeping critique, Rwomnire (1998) shows that the curricula taught were irrelevant, methods 
obsolete, drop-out and repetition rates high, and graduates lacked initiative. At this time the 
structure and content of the colonial education system remained without any substantial alterations 
although it was expanded to accommodate more people. In a study that captures some of the 
historical legacies of the country, Uchendu (1979) discusses the educational gap between ethnic 
groups (relating to regional territories), the differences between mission and non-mission 
education systems, inequity of access, and rural-urban discrepancies. While the education system 
was faced with these challenges, the nation itself was undergoing significant political upheavals: 
increasingly repressive successful (and unsuccessful) military coups from 1966 to 1998, and a civil 
war from 1967 to 1970. The effects of this conflict and underlying mistrust cutting along ethnic 
and religious lines run through democracy in pervasive ways to date (Iwu, 2015; Akresh et al., 
2017). 
 
As studied by Daniel-Kallio (2018), the first national attempt to change the colonial orientation of 
the country and promote national consciousness was the 1969 National Curriculum Conference 
which reviewed the education system, and sought to identify new goals that could guide the 
direction of the country’s educational future. At this time, the country was also being carved out 
and more regions (West, Mid-West, North and East) and twelve new states were added. In 1973, 
another attempt was made to further consolidate on the gains of the Conference by convening 
experts (from Muslim and Christian organisations) to develop a truly Nigerian national education 
policy. This served as the basis for educational policies that were more reflective of each state’s 
priorities and preferences and in 1976, the states had their own specific edicts for the regulation, 
provision and management of education systems. This period also coincided with a tremendous 
revenue increase due to the oil boom, and as a result, the government’s plans for education became 
more ambitious. The Universal Free Primary Education (UPE) programme was thus set up to 
expand access to education and aimed to reduce the increasing educational gap and illiteracy across 
the country. It focused on ensuring that children (between ages six to twelve) could attend school 
free of charge. With the launch of this programme, the national demographic was also undergoing 
substantial changes in the form of a population explosion i.e. at the start of the decade (1970), the 
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population was roughly 54 million and by the end, it had grown to over 73 million (World Bank, 
2019) 
 
The following year, the National Policy on Education (NPE) was established with the aim of 
promoting national unity, and meeting the development needs of the country. It placed the 
responsibility for the achievement and financing of these goals on the Federal Government 
(education was previously financed based on cost sharing mechanisms between proprietary bodies 
such as communities, parents/guardians and local/state governments). The period between 1979 
and 1999 marked Nigeria’s second attempt at a democratic government with a new Constitution 
(the Federal Republic of Nigeria) and all tiers of government would play a role in the provision of 
education. At primary level, the constitution vested power in the State and Local Governments, 
while the Federal Government would be responsible for post primary, professional, technological 
and tertiary education. Accordingly, the implementation of the UPE policy was firmly in the 
jurisdiction of the states and local governments, although, it would be financed by the Federal 
Government. The political expectation was that this policy would be the instrument for realising 
rapid national development (as articulated in the second National Policy on Education, 1981) and 
it gained a lot of popularity. It was also expected that this could be the means of addressing the 
problems caused by the unbalanced educational and economic development across the country. 
However, the UPE was confronted by many problems, practical, as well as related to broader 
issues of social and economic development in the country. Prior to this policy, the primary school 
enrolment rate was as low as 30% of children, three quarters of which were often male, with high 
drop-out rates (Ityavyar, 1986). These statistics were starkly contrasted across the country, with 
the largest educational deficits in the North. 
 
To understand the current educational (and development) challenges faced in the country, it is 
critical to study the peculiarities of each region, the reasons for their differences, and why attempts 
to address these problems have failed. As the earliest notable attempt to solve geographical and 
class imbalances in access to educational services across the country, the UPE is important because 
it highlights how these deep-seated challenges overwhelm policy efforts (albeit, poorly planned 
efforts). In implementing UPE, new and equally serious problems emerged. Csapo (1983) provides 
a useful snapshot of the education situation in the country using Niger state as an example. In 
1976 the state had 244 primary schools offering instruction to 15,796 pupils. Within the span of 
four months, the state needed 931 schools for an additional 63,384 children. This 400 percent 
growth rate would go on to amount to a real growth of 1,000 percent in two years. With a target 
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of enrolling all primary school-aged children by 1981, the UPE resulted in staggering enrolment 
figures within a very short span. From 1976 to 1977, Niger experienced an increase of 557%, 491% 
in Kano state, 442% in Kaduna state, and 263% in Benue state. Even the smallest increase was a 
significant 11% in Gongola state.10 This gets to the heart of the issue; with a rapidly increasing 
population, coupled with poor planning, inefficient resource management, and indeed corruption, 
the UPE policy was unable to achieve its goals. As succinctly stated by Csapo (1983, p. 91): “the 
rapid rate of growth poses the challenging question of how much time is left for solutions”. 
 
In Northern Nigeria the implementation of national education policies such as the UPE was 
greatly affected by the nature of the longstanding pre-existing educational structures. These 
structures were intertwined with longstanding ideologies that were largely acceptable to the Muslim 
population. Against this backdrop, Western education was considered a means of spreading non-
Islamic ideology and culture and was met with a great deal of resistance. As such, Quranic schools 
would continue to thrive and run parallel with the national education system with no attempts to 
make attendance in Western schools compulsory despite the mandates of the UPE policy. In 
contrast, many of the states in the Southern region already had in place a policy of universal 
primary education since the 1950s (Osili, 2005). As a result, the early adoption of Western 
educational systems as the main form of schooling meant that the South did not have the same 
challenges faced by the North in implementing the UPE policy. The lack of qualified teachers to 
realise the goals of the programme, and the difficulty in deploying them to the rural areas where 
they were most needed meant that even with increased enrolment rates, children were not able to 
receive quality education. Most schools lacked basic infrastructure and classrooms were unable to 
cope with the increased demand that were a direct result of the programme. As reported by Ajayi 
and Oloruntimehin (1976), many children would take instruction outside due to insufficient 
classroom space (and indeed, data collected in the fieldwork phase of this research shows that they 
still do). This failure to sufficiently invest in the sector degraded education services at all levels, 
with strikes at universities as well as schools, resulting in declining literacy rates in the country 
(Odukoya, 2009). Furthermore, this policy also introduced a culture of automatic promotion for 
pupils from one year to the next, undermining the objectives of continuous assessments, 
examinations and the primary school certification of pupils. The damage this approach has had 
across the country is reflected decades later in a learning crisis that appears to be getting worse 
(Nigeria Education Data, 2015; Ogbonna, 2016; World Bank, 2018b).  
                                                 
10 Gongola state has now been reconstituted into two states; current day Adamawa and Taraba states.   
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In an analysis of the region, Clarke (1978) provides useful insights on the Northern response to 
the programme, and its long-term impact on the societal fabric. This policy required a drastic 
change in the educational and/or belief systems which underpin the structure of society; changes 
which many Muslims did not welcome. The main objections to UPE centred around the degree 
to which societal models of marriage, male and female roles, the nature of parenthood, work ethics 
and religious teachings would be adversely affected by the policy. Consequently, public response 
to the scheme was unwelcoming and this played a role in the demise of the programme. However, 
in his analysis, Clarke (1978, p. 139) suggests that the opposition to UPE were “protests of 
corrective censure” and an attempt to ensure that ‘new’ ideas were modified and adapted to local 
conditions, rather than uprooting the Islamic theories of knowledge and education. Unfortunately, 
many of these challenges were unresolved.  
 
The UPE policy officially ended in 1981, due to the reasons outlined above, as well as the economic 
downtown during this period (fall in oil prices). This greatly hindered the Federal Government’s 
ability to support the programme because it lacked the revenue to pay teachers, and build/upgrade 
facilities, among its other responsibilities. As a result, the policy was revised and the responsibility 
of financing primary education was shifted to the states and local governments. The NPE (under 
which UPE was prescribed) was revised multiple times over the years (1998, 2004 and 2007) to 
reflect the country’s development needs. The most notable successor to this programme is the 
Universal Basic Education (UBE) programme which re-structured the education system and 
introduced the 6-3-3-4 system (six years of primary education, three years of junior secondary 
schooling would become compulsory while the remaining seven constituting of senior secondary 
schooling and university studies would be optional). Designed to encourage more technical and 
vocational education, this was a bid to ensure that all children would receive a minimum of nine 
years basic education (previously six). 
 
To make the educational system more dynamic, the NPE was further modified in 2004 to provide 
for adult, non-formal, special, open and distance forms of education for the population. Since 
then, additional revisions have included provisions for integrated early childhood development 
(2007), gifted children (2006), gender (2007), special needs (2007), and inclusive education for HIV 
& AIDS affected children. As the replacement to UPE, the UBE programme faced similar 
challenges and suffered from the same inefficiencies as its predecessor. In 2006, there were serious 
attempts at education sector reform: An Education Sector Situation Analysis report revealed the 
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dysfunctional state of education and prompted a National Action Plan, a National Education 
Support Strategy (NESS) for Nigeria (2006-2015) was set up, and the sector’s institutional structure 
was repositioned. The Federal Ministry of Education and its agencies and parastatals were backed 
with the formulation of a National Framework that could ensure consistency with the national 
education vision. The NPE also continued to evolve to reflect the changing socio-economic 
situation and political structure. The sixth edition of the NPE (2007) was revised to accommodate 
international commitments to the United Nations Millennium Development Goals (MDGs), 
Education for All (EFA), the Home-Grown Medium-Term Development Plan, and the National 
Empowerment and Development Strategy (NEEDS). In 2011, the Transformation Agenda was 
launched to drive the NEEDS with the strategic goal of developing the nation’s human capital and 
various education plans and strategies emerged from this policy over the next few years.  
 
Consistent across the board are the attempts to make education a tool of empowerment, thereby 
developing the capabilities and potential of Nigerians through these policies. The importance of 
including socially marginalised groups to produce a competent workforce and providing practical 
life skills was also an important priority. While the results of these efforts are still unsatisfactory, 
an analysis of the earliest education policies to the present day show that political upheavals 
(regional divisions, civil war, military coups), demographic changes (rapid and disproportionate 
population growth), and economic shifts (dependence on oil as the major source of revenue) have 
undermined attempts to meet the nation’s educational goals. There is a consensus that it is difficult 
to specifically attribute the impact of each policy and this is reflected in the diverse conclusions 
and recommendations that have been proffered (Ityavyar, 1986; Fafunwa, 1991; Odukoya, 2009). 
However, the frequent changes in policy direction without addressing some of the more profound 
challenges (tensions between educational systems and the resultant security crises in the North 
East, insufficient resources to invest in the sector for a sustained period, and shifting priorities 
between administrations) does not bode well for producing an educational system that can deliver 
the aspirational goals of individuals, as well as the nation. Table 2.1 summarises the education 
policies in the country from pre-amalgamation to present day.  
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Table 2.1 Education related policies (focus on primary level) 
Year Education Policy 
Pre-amalgamation Southern Territories Northern Territories 
1882 Education Ordinance 
Established Islamic 
education systems 1887 Revised Education Ordinance 
1908 Education Ordinance for Southern Nigeria 
Amalgamation Unified with national policies 
1916 Education Code for Nigeria 
1926 Revised Education Ordinance (stated clear guidelines for the operation of 
the colonial education system) 
1948 Revised Education Ordinance (decentralised educational administration) 
1952 
Revised Education Ordinance (regional education systems, and emphasis 
on responsibility of central government) 
1954 Regional Education Laws 
1959 Ashby Report (expansion and improvement of the education system) 
Independence Federal Government of Nigeria (Military rule) 
1966 – 1979 
Education Edicts (State and Federal legislatures increased) 
Universal Primary Education programme (1976) 
1979 – 1983 Education Laws of the School Republic (all three tiers of government 
share responsibility in the provision of education) 
1983 – 1999 Education Edicts (guiding minimum standards) 
Reconstitution Federal Republic of Nigeria (Civilian rule) 
1999 – 2018 National Policy on Education (iterations of the policy) 
 Universal Basic Education Act 
2008 – 2019 Nigeria’s Vision 20:2020 (articulated national educational aspirations) 
2009 Roadmap for the development of the Nigerian Education Sector 
2007 
National Empowerment and Development Strategy (NEEDS) 
Home Grown School Feeding and Health Programme 
2009 – 2015 Iterations of Strategy Plans for the Education Sector 
2011 Transformation Agenda 
2014 National Teacher Education Policy 
2014 to present day Revisions and updates to existing policies and programmes 
Source: Author based on Fabunmi, 2005; Daniel-Kallio, 2018 
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Gender, geography and poverty are critical factors that underscore the access, equity and quality 
challenges Nigeria faces. Across the country, most children who have received some form of 
education would have either attended a public or private school, and/or the Islamic, Quranic, 
Tsangaya Education (IQTE) system at some point. The odds of which of these education systems 
a child participates in (and for how long) is greatly dependent on the three factors highlighted 
above. Overall, most children go to public schools which are under the administrative jurisdiction 
of local governments. Public schools offer a predominantly secular curriculum. Religious studies 
(Christian and Islamic) may be offered as a subject, however, there has been a recent trend to 
replace this option with Civic Education which includes notions of ethics, morals, and civic 
responsibilities. These schools are often poorly resourced, with large numbers of children (often 
from low income households) in classrooms. Consequently, households with the financial means 
are more likely to send their children to private schools which tend to offer better quality 
instruction.11 Most private schools offer a secular education, however, there are a notable number 
of schools established to cater to the religious preferences of its community. In contrast to public 
schools, families explicitly pay for tuition and other school services in private schools. As a result, 
a smaller proportion of the population can afford to send their children to these schools.  
 
2.4.1 Religious education systems 
In the north, IQTE (colloquially referred to as Almajiri) schools provide the predominant forms 
of education. As illustrated from Sections 2.1 to 2.3, religion has historically shaped societal values 
and informed local orthodoxies. These schools are part of comprehensive education system which 
provide instruction on Islamic principles, the Quran, Islamic jurisprudence, and societal values and 
they have flourished such that children (commonly referred to as Almajiri) were (and continue to 
be) entrusted by their parents to the teachers in these schools (referred to as Mallams). Its inception 
can be traced back to the 11th century. The practice was held in high esteem with renowned 
Quranic centres of learning in multiple cities (Baba, 2010, 2011; Omeni, 2015). These systems in 
great part facilitated the literacy of the population, as well as the establishment of regulatory bodies 
and accountability systems.  
 
                                                 
11 Lagos is a notable exception where the private education sector has flourished. The reasons for this is 
further explained in Chapter 5.  
2.4 The context of educational reform today  
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However, the Almajiri system has since evolved into a more complex institution. Today, it can be 
broadly categorised in two forms: (i) The standard form (commonly referred to as makaranta allo12) 
with purely Islamic content where children gain knowledge of the Quran and the broader societal 
values considered essential (in some cases, children and teachers live together), and (ii) Islamiyyas 
which are more formally structured to (somewhat) mirror secular schooling systems with time 
schedules and teaching approaches. There are versions of these schools where secular subjects are 
integrated (often with some support from the government). Consequently, the cultural and 
historical peculiarities of the different regions have meant that the north and south face different 
challenges (this will be further unpacked in subsequent chapters). Western education gained early 
acceptance in the southern part of the country, and today, enrolment, transition and completion 
rates are higher in those regions. In addition, IQTE schools are not common in the south (here, 
the Muslim population is relatively small) and the private sector is more actively engaged in the 
education system. 
 
 
 
Figure 2.1 Private school participation rates by region 
Source: National Education Data Survey (2015) 
 
Figure 2.1 provides a snapshot of enrolment rates in the private sector across the geopolitical 
regions.13 Comparatively, the south has a robust private sector presence in the education system. 
With stronger economic indicators, this region has more children served by the private schools. 
                                                 
12 Translated as “school of the slate” or  
13 Private sector participation in the formal education system i.e. secular schooling 
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In contrast, Figure 2.2 below highlights how IQTE schools have captured a significant proportion 
of the population in one of the northern states.  
 
Figure 2.2 Cumulative number of schools by year of establishment in Kano State 
Source: Antoninis (2014) 
 
Due to the paucity of information around the numbers of IQTE schools across the country, it is 
difficult to provide a comprehensive picture. However, reasonable estimates have been provided 
with regards to relative numbers compared to secular schools in Figure 2.2. Interestingly, 
participation in the IQTE system appears to have a negative relationship to the probability that a 
child would also receive a secular education (Antoninis, 2014). Moreover, the growing number of 
IQTE schools indicates rising enrolment rates in this system. This can be tied to a number of 
factors including (i) a growing population, (ii) societal values that privilege a religious education 
above all others, and (iii) the perceived poor quality of public schools which has also undermined 
efforts to expand access to a secular curriculum in this part of the country. Thus, there is an 
interplay of multiple factors, each of which contribute to the complex picture in the region.  
 
As extensively discussed in the literature (Hoechner, 2012, 2013; Higazi, 2013; Omeni, 2015) there 
have been many simplistic narratives that have linked these education systems to greater societal 
crises (significantly, the emergence of Boko Haram). However, these studies offer a nuanced 
explanation of how socio-economic challenges over the years have compounded with negative 
perceptions in the media to (i) paint a picture of mass delinquency among the Almajiri, and; (ii) 
make these youths particularly vulnerable to radicalisation and criminality. This thesis does not 
delve into the complexities of the Almajiri system, nonetheless, it is not contentious to say that it 
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has many challenges which have been extensively covered (Baba, 2010, 2011; Bature and Bawa, 
2013; Hoechner, 2012, 2013).  
 
Over the last few years, the northern states (and by extension, the education systems) have been 
severely affected by security concerns from the operations of Boko Haram and the Government’s 
response (ESSPIN, 2012; Higazi, 2013; DFID, 2013; Matfess, 2017). As a powerful force in 
shaping societal norms and values, the education system itself has been a key battleground – what 
is taught in schools, who is taught, how it is taught – are all critical concerns in the current crisis. 
In a 2011 UNESCO EFA report, the multiple dimensions through which the conflict intersects 
with education were presented: (i) unequal access to education (resulting in a heightened sense of 
injustice), (ii) provision of too little education (especially for the poor), and (iii) the actual content 
of education (the needs and concerns of minorities and disadvantaged groups being excluded). 
Consequently these factors are important considerations for any education reform programme. 
They are weaved into larger contestations currently occurring in the country on the value of an 
education, and fundamentally, what constitutes an education.  
 
In summary, it is within this context that transformations towards national development 
aspirations (as pertains to education) must occur. The policies discussed in the preceding sections 
have served as the guide for numerous development initiatives in the sector. A study of some of 
the most recent and expansive education programmes (such as ESSPIN, 2009–2017; GEP, 2004–
2020; TDP, 2013–2019; and TPD), and even institutions (UBEC, the National Commission for 
Mass Literacy, Adult and Non-formal Education, National Commission for Nomadic Education) 
shows that few have yielded significant or positively impactful long term results (here defined as 
improved learning outcomes). In a 2016 study, Ogbonna presents a dismal picture of declining 
educational indicators across the country. Many other reports and articles produced by the World 
Bank (Moja, 2000), Brookings (Watkins, 2013), UNICEF (Esiebo, 2013), and Global Partnership 
for Education (2019) have shown little to no improvements. While there have been many calls for 
the government to prioritise the improvement of educational governance (Kazeem and Ige, 2010; 
Musari, 2016), reform remains a significant challenge at all levels of administration (Bolaji, 
Campbell-Evans and Gray, 2017). As a federation with 36 states and 74 local governments, each 
of the three tiers of government has considerable fiscal and policy autonomy and is backed by its 
own laws and policies. However, while these operate autonomously, they are coupled with a variety 
of structural and systematic interdependences. This is consistent with studies such as Hall (2003) 
which highlight that governance systems are made up of complexity, and that many other 
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occurrences such as fluctuations in the economy, and technical innovation are all processes which 
challenge the linear, predictable world view that guides large parts of societal governance systems. 
Accordingly, the next section expands on the ideas presented in Chapter 1 – that interventions to 
improve the state education in the country (a complex system) must account for the many 
connections across the system, with careful consideration to how the activities of one programme 
might have unanticipated impacts somewhere else in the system.  
 
As mentioned earlier, complex systems are made up of many interacting parts, which follow 
individual rules, and produce emergent properties. Under an encompassing framework of 
Complexity Sciences, the core set of ideas, concepts and principles that underlie processes and 
dynamics of change found in a variety of biological and physical phenomena are systematically 
explored. The term “complexity” itself can be difficult to describe. In everyday language, saying 
that something is complex may mean that it is difficult or complicated to understand with simple 
logic. Luhmann (1985, p. 25) provides a useful description which postulates that in complexity, 
“there are more possibilities than can be actualised”. It has also been defined this way: 
 
Complexity sciences is not a single theory – it encompasses more than one theoretical framework 
and is highly interdisciplinary, seeking the answers to some fundamental questions about living, 
adaptable, changeable systems.  
(Stauss et al., 2008, p 29) 
 
In this spirit, instead of proffering any simple or indeed, single, definition, many researchers 
(Rasch, 1991; Cilliers, 1998; Urry, 2006; Ramalingam et al., 2008) have attempted to analyse the 
characteristics of what constitutes complexity to develop a general description that is not 
constrained by any precise definition. Moving forward, this thesis shall reference the categorisation 
of concepts of complexity provided by Ramalingam et al. (2008). Developed specifically to 
contextualise the nature of international development challenges, this paper offers a pragmatic 
structure to better understand complex social systems by relating the concepts to systems, change, 
and agency.   
 
 
 
2.5 The Nigerian education sector as a complex adaptive system 
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Table 2.2 Summary of the concepts of complexity sciences 
Concepts  Description 
Complexity and 
Systems 
Interconnected and interdependent elements and dimensions 
Feedback processes promote and inhibit change within systems 
System characteristics and behaviours emerge from simple rules 
of interaction 
Complexity and Change 
Non-linearity  
Sensitivity to initial conditions 
Phase space and attractors 
Chaos and the edge of chaos 
Complexity and Agency 
Adaptive agents 
Self-organisation  
Co-evolution 
Source: Adapted from Ramalingam et al. (2008) 
 
As summarised in Table 2.2 above, concepts that characterise complex systems have distinct 
features which include interconnectivity/interdepence, with positive and negative feedback loops 
that amplify or dampen change, and properties that emerge from these interactions. The second 
set of concepts describe how such systems change over time. Non-linearity explains how causal 
relationships play out, the system’s sensitivity to initial conditions is highlighted, and the phase 
space describes the future possibilities of the system. Complex systems are also characterised by 
underlying patterns of chaos. The last set of concepts pertain to individual adaptive agents acting 
in their own interests and shaping the system. Importantly, the notion of agency captures the 
process of (i) identifying alternatives, (ii) evaluating and eliminating undesirable/unfeasible 
alternatives, and (iii) selecting the option that best meets objectives or preferences. 14  These 
combined interactions give rise to self-organised phenomena, the cumulative effect leading to the 
coevolution of agents and the system. Understanding the features and behaviours exhibited by 
                                                 
14  This view is consistent with conception of Agency offered by Sen (1992) – individuals as active 
participants, with the ability and real opportunity to make decisions that shape their lives based on their 
own values. 
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complex systems is the bedrock of this research. It informs every aspect of this study from the 
methodology, through to analysis. 
 
The point of approaching development issues (and specifically the challenges in the Nigerian 
education sector) through the lens of complexity is that it prevents the oversimplification of the 
systems being dealt with. The famous metaphor of the butterfly effect is based on the same 
principles and illustrates how small differences can lead to a chain of events producing large scale 
difference (Lorenz, 1972). In this same way, a significant proportion of complex systems are prone 
to exhibiting the same effect. Therefore, any approach that fails to consider multiple actors and 
causal chains in social and economic systems is misleading and potentially damaging in the long 
term. At its most basic level, the complexity of school systems is easily underestimated when 
viewed from the top down. As explained by Mital, Moore and Llewellyn (2014), many 
interventions to improve learning outcomes are designed outside of the school setting, or copied 
from other school experiences, and as a result, often fail in context. Such interventions are affected 
by several factors including the socio-economic and cultural context of the community, quality of 
teachers, effectiveness of headteachers, the school schedule, involvement of parents/guardians, as 
well as the performance of students themselves. 
 
When the lens is zoomed out to look at the broader educational system, the picture is even more 
complex (as shown in Figure 2.3). The illustrations in the figure below attempts to highlight the 
multiple and different mechanisms of cooperation among the implementing agencies as well as 
between other groups relevant to the delivery of education. For example, each school unit is 
constantly interacting with and affected by other schools, regulatory and management bodies and 
their policies, the community at large, civil society organisations in the sector, and whatever 
resource base available i.e. interacting agents in a system. Within the pipeline of education, these 
stakeholders all have interests (aligned or competing) and priorities as they work towards their 
goals i.e. they follow rules. Through activities such as the development of teachers’ pedagogical skills 
at the classroom level, to budgeting and planning for the state’s education agenda, a cross section 
of actors interact, form inter-relationships, react through feedback loops, and adapt to changes in 
the environment. These individual behaviours produce the characteristics of the education system 
as a whole i.e. emergence.
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Figure 2.3 Conceptual outline of systems, processes and stakeholders in the system 
Source: Author’s conception
 29 
 
Other concepts of complexity are also reflected in the education sector. In particular, as it attempts 
to create dynamic learning environments, the system exhibits features of non-linearity as many 
things need to happen simultaneously. All the national/state policies, planning budgets, teacher 
development programmes, community engagement initiatives, infrastructure development etc. 
must all be aligned for education delivery to be effective.  
 
2.5.1 How are programmes in the sector executed and operationalised? 
To practically illustrate the complexity of the Nigerian education system, it is helpful to consider 
one policy and programme as a case study. In 1999, there was a national push to ensure universal 
basic education across the country. By 2004, the Universal Basic Education (UBE) policy was one 
of the most comprehensively and aggressively pressed campaigns to make basic education 
compulsory for all children and to ensure that they have access to free schooling for a minimum 
of nine years (six years of primary and three years of junior secondary schooling). At primary level, 
schools are expected to deliver functional literacy and numeracy, effective communication skills, 
and enhance positive attitudes towards cooperation and national development. Junior secondary 
education is designed to enable pupils to obtain pre-vocational technical skills in addition to 
academic knowledge. In this way, students are expected to have an uninterrupted stretch of 
education and are equipped to either proceed into senior secondary education, or 
technical/vocational colleges. This section shall make an analysis of the challenges faced in the 
implementation of this legislation and how these issues relate to the features of complexity. 
 
a) Administrative structures 
To achieve the universal basic education goal, legal frameworks were established and institutional 
organisations were set up to carry out this mandate. The three main institutions with the 
responsibility of delivering this mandate are: the Federal Ministry of Education (FME – the body 
tasked with policy formulation and setting guidelines for quality assurance in the sector); UBEC 
(coordinates with the state and local government education authorities to execute universal basic 
education programmes and policies. It pursues the mandates of the UBE law but is constrained to 
act only within the constitutional bounds of each state); and SUBEB (a parastatal entity 
accountable to the state ministry of education. It takes direction from the ministry and is subject 
to its decisions). The critical issues which these stakeholders have been tasked to address 
encompass three main areas: access, equity, and quality (focused on shortages in the teaching force, 
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and skills and competency gaps). These are also areas with major bottlenecks that hinder the 
processes and mechanisms that produce a functional complex and dynamic system. Underpinning 
these challenges are governance and financing inadequacies. 
 
In the implementation of the UBE agenda, it is easy to observe the clear disconnect between the 
institutional and legal environments. Each of these institutions have the legally conferred 
responsibilities outlined above, but lack the institutional authority to enforce them. The UBE legal 
framework stipulates “the right of a child to free, universal basic education” (UBE Act, 2004). To 
this end, the government also mandates that basic education is compulsory for every school-age 
Nigerian child. Under this framework, anyone who does not send their child or ward to school, or 
any schools collecting fees from pupils are liable to be fined. However, reports (Moja, 2000; World 
Bank, 2015) show that UBEC (the enforcing body for this legislation), does not (or is limited in 
its capacity especially in rural areas to) enforce this policy, nor does it have the funding to support 
or compensate schools that are trying to implement free education policies. Consequently, as 
schools lose revenue from this practice, many parents and guardians have complained that schools 
frequently attempt to find alternative means of fee collection, especially through Parent Teacher 
Association (PTA) contributions (Musari, 2016). Such practices effectively undermine the purpose 
of this law and with no accountability measures, the state is in no position to implement the 
education policy. This also demonstrates the interconnections (i.e. schools are dependent on the 
government and communities to function) and interdependence between agents within the system 
(i.e. although the state education boards are expected to provide the required support for a school 
to operate (as well as oversee said operations), schools depend on communities in a practical way 
to maintain its activities). This is further discussed in the next section on financing the sector.   
 
The UBE initiative also restructured the sector, specifically disarticulating the junior secondary 
from the senior secondary schools. In effect, the Act merges the Junior Secondary Schools (JSS) 
with primary education, administratively resulting in nine years of what constitutes basic education. 
However, the implementation process has been challenging. Insufficient financial investments, 
poor and non-uniform physical infrastructure, and the lack of a qualified teaching force all 
impeded the process and led to uneven disarticulation across the states. In fact, as of 2010 only a 
few states had successfully carried out the separation process even though many had attempted to 
re-structure (World Bank, 2015). From an administrative perspective, Uzomah and Okereke (2010) 
also highlight the many subsequent management problems. They show that the impact of this 
process on the quality of instruction, delivery systems, management of human and material 
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resources, as well as the resulting pupil/student performance has not been in line with objectives 
of the UBE policy. Considering such challenges, there were many cases where JSS and Senior 
Secondary School (SSS) remained under the same management thus limiting UBEC’s legal ability 
to engage with such schools. These decisions illustrate the agency of actors in the system to self-
organise in a dynamic environment.  
 
A central element of the UBE was to embed proper management and evaluation processes at all 
government levels to ensure transparency and accountability in policy implementation. However, 
the current legal framework surrounding UBEC operations is constrained by the limited ability to 
hold defaulters responsible at the state level. Although UBEC is the agency mandated to carry out 
monitoring and evaluation (M&E) for basic education, they often rely on the states to collect and 
share this data. Weak data collection tools at the state level in turn produces inconsistent and 
unreliable information. A larger problem with this approach however is that the focus is entirely 
on the public provision of basic education, effectively failing to capture a significant proportion 
of students enrolled in non-public institutions. In this area, the policy failed to take into 
consideration the historical weaknesses (Osho and Afolabi, 2014) within the system to carry out 
effective quality assurance. An additional intersectional attempt to fulfil the objectives of UBE, 
address the shortage of teachers (emphasis on the lack of rather than quality) and growing youth 
unemployment, was made in 2012. Here, the federal government set out a scheme which mandated 
that all Nigerian graduates participating in the National Youth Service Corps (NYSC) programme 
be deployed to public schools as teachers. Since the inception of the NYSC scheme in 1973, the 
programme was set up to engage newly graduated students for one year of national service upon 
completion of a university degree. A proportion of these youths typically serve as teachers for their 
national service with mixed results. In a study of the effects of this decision, Metthew (2014) 
discusses how the use of untrained, uncommitted and disinterested Corp members as teachers 
affect the quality of education delivered to primary and secondary school students. And there are 
even more recent calls for the termination of this practice (Babalola, 2019). However, the 
incorporation of the youth service scheme into the UBE policy was not entirely without merit. 
Findings from Adesina (2012) show how a similar programme adapted to the local context can 
have positive effects. The crucial difference with the government’s scheme was the inadequate 
preparations and underappreciation of the context specific and non-linear nature or implementing 
policies. Here, the initial conditions of the system produce phenomena contingent on (and in this case, 
hindered by) history, and the traditional processes of operation.   
 
 32 
b) Financing basic education 
Administratively, all three tiers of government are mandated to provide funding to basic education 
(UBE Act, 2004), however, the main responsibility for delivery and management of these services 
lies with local government. The state governments are expected to play a supportive role, 
overseeing policy and strategy at that level while national standards and regulatory frameworks are 
set and maintained at the federal level. However, in practice, roles and responsibilities are not 
clear cut or definitive and all levels are administered via direct and indirect mechanisms relating to 
funding.  
 
Typically, states take the lead. They make the key spending decisions, determine how much of its 
budget is allocated to basic education, how local government funds are spent, and how much 
federal funding to access through counter-part funding mechanisms (Universal Basic Education 
Intervention Fund, UBE-IF). Established to support national development goals, this is the main 
federal source of funds to the state relating to education (as well as the main tool for influencing 
state spending on basic education). This fund accounts for 2% of the total Federation Account 
Allocation Committee (FAAC) which is sourced from oil and tax revenue. As shown in Figure 2.4, 
half of the UBE-IF is provided to the states on a ‘matching grant’ basis, and the other half is 
provided directly to the states without condition for specific earmarked areas. This mechanism 
essentially allows states to choose to access 50% of matching funds from the federal government 
or forfeit it. If states are not able to access the matching grants in any year (as often happens), the 
backlog of funds are held and transferred to the states when they are able to raise the pre-requisite 
funds. As long as states satisfy these conditions, the UBE-IF allocation is also one of the most 
reliable sources of funding. The figure below also breaks down allocations across the sector; 
instructional materials and educational imbalances carry the next highest share (the latter in 
particular recognises that challenges are not uniform across the country and seeks to target 
resources in areas with the poorest indicators. Roughly 10% is set aside of teacher professional 
development (an important element that is relevant to the case study selected for this research – 
further discussed in subsequent chapters). At the lower end of the financial allotment is monitoring 
and implementation.   
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Figure 2.4 UBE-IF allocation formula 
Source: Steenbergen et al., 2016 
 
The main source of funding for the state’s basic education programmes comes directly from the 
FAAC. Based on an allocation formula (National Bureau of Statistics, 2018), 27% of the FAAC is 
distributed to states (oil producing states receive an additional 13% based on derivation principles). 
The amount of funds provided by the FAAC often fluctuates because it is greatly dependent on 
global oil prices, and as such, states also rely on Internally Generated Revenue (IGR) and this 
varies considerably across states. These two sources of funding constitute the bulk of resources 
for basic education services and are directly provided to the SUBEB. Interestingly, the state also 
holds a great deal of influence over the FAAC allocation to local governments (21%) via the Joint 
Account Committee (JAC). The JAC operates at the state level, managing the State Joint Local 
Government Account and deciding the monthly disbursements to each Local Government 
Authority (LGA). The major responsibilities at the local government level includes the payment 
of teachers’ salaries as well as approving allocation for development projects (SUBEB is 
responsible for non-salary spending). However, a recurring theme in the Nigerian education sector 
is the overlapping and duplication of responsibilities and in this case, most of the local government 
powers are usurped by the state. While Local Government Education Authorities (LGEAs) 
oversee teachers’ pay, the process is very indirect; funds are deducted from the LGA allocations 
and transferred to the SUBEB which then processes the payment. Funding for LGEAs tend to be 
quite small and mainly go towards recurrent costs, school visits, and incidental costs 
(supplementing examination expenses or infrastructure maintenance).  
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A study conducted by ESSPIN (Steenbergen et al., 2016) on the financing of basic education in six 
states provides a useful outline on the context for spending. Overall, there appears to be five main 
stakeholders who influence the financing of basic education in the state. Figure 2.3 and 2.4 below 
outlines the relationships and roles of these actors, as well as the flow of funds in the basic 
education services. At the highest level, the Governor directs budget allocation and the 
Commissioners for Finance, and Budget and Planning coordinate to determine whether the state 
will access UBE-IF matching funds. As head of the state, the Governors’ reach cuts upwards as 
well as downwards; they appoint and have strong influence over the ministry officials responsible 
for determining how much of the UBE-IF funds are accessed in each year. New development 
projects, overall recurrent allocation to Ministries, Departments and Agencies (MDAs), and 
recruitment of personnel are also presented and approved or rejected at this level. Next is the 
SUBEB chair who is responsible for the utilisation of federal and state funded development 
projects. Working within the Ministry of Education, the Commissioner for Education is also 
active at this level overseeing a limited amount of funds dedicated to monitoring and supervising 
basic education. At each of these levels, it is often the case that the release of funds is dependent 
on the relationships between these key actors. In all cases, the Governor has a strong influence 
and controls the ultimate release of funds by deciding which projects are ‘cash-backed’ each 
month. This is what determines which projects can be implemented.  
 
 
Figure 2.5 Key institutions and stakeholders managing basic education funds 
Source: Steenbergen et al. (2016)  
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Figure 2.6 Key Institutions and flow of funds in basic education 
Source: Steenbergen et al. (2016) 
 
Figure 2.4 highlights the relationships between primary stakeholders in the education sector (dark 
blue) and those outside of it. The political (orange) and administrative (red) offices that support 
the budgeting formulation and disbursement process have arrows showing the flow of funds 
across and between levels. From the top down, the Federal Ministry of Education (FME) 
formulates policy and ensures that states operate within the set national parameters while also 
addressing their own needs and context. Its main functions relating to basic education are executed 
through UBEC; funds are allocated, policy guidance and oversight of its state level agencies – 
SUBEBs. Technically, the State Education Ministries supervise SUBEB but their roles greatly 
overlap. SUBEB has the more dominant role and the SMoEs can only finance education via 
SUBEB (which also receives funds directly from UBEC based decisions made in the Ministries). 
The SMoE’s main operational role is policy formulation, inspectorate services, and data collection 
and management (in practice, SUBEB also carries out some of these tasks). Consequently, there is 
often tension between these bodies with the Ministry’s influence greatly diminished. Independent 
FAAC: Federal Account Allocation Committee 
FMBP: Federal Ministry of Budgeting and Planning 
FMF: Federal Ministry of Finance 
FME: Federal Ministry of Education  
UBEC: Universal Basic Education Board 
 
 
 
JAC: Joint Action Committee 
SMoLG: State Ministry of Local Government 
SMoPD: State Ministry of Planning & Development 
SMoF: State Ministry of Finance 
SMoE: State Ministry of Education 
 
 
 
LGEA: Local Government Education Authority 
LG: Local Government 
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of these stakeholders is the JAC which is also housed at the state level and is an important source 
of education funds for the local governments.  
 
The financing and oversight relationships in this sector is highly convoluted and this structure 
varies between states. As the agent with a more active role in schools, SUBEB has better access, 
and more interactions with the LG and its operations than any other agency. It manages non-salary 
spending and is informally responsible for paying teachers’ salaries – the LGEA is formally 
responsible for this, however, the SMoE deducts the funds from the LGEA and transfers it to 
SUBEB which then makes the payment (Jones et al., 2004). This complex arrangement reveals an 
intricate system of interdependent feedback loops which connects the decision-making behaviours of 
government officials as pertains to funding.  It shows how programmes such as UBE which 
attempt to change the education system are promoted or inhibited in their ability to deliver their 
objectives (change). Furthermore, the budgeting process is dependent on cash receipts and this 
determines the release of funds. In most cases, the budget is designed by a select few government 
officials and it poorly reflects overall resource availability. Thus, the budget credibility is often 
undermined from its inception and when funds are in fact released, it is usually late. This means 
MDAs have no effective means of forecasting or even accessing funds in a timely period. 
Accordingly, this shows how programmes operate within the ‘space of the possible’ i.e. phase space, 
another important concept in the complexity approach.   
 
This section outlines how the Nigerian education displays many of the features of a complex 
adaptive system. Accordingly, a key aspect of this research is to identify (or build) a coherent 
framework which can be used to analyse such complex systems. Thus, the next sub-section reviews 
potential analytical frameworks. By unpacking the available frameworks, theories and models, this 
research can gain some insights into how they can be applied to gain a better understanding of the 
Nigerian education sector and selected reform programmes. Here, the abstract concepts of 
complex systems are applied to human social systems. The cultural dimensions that drive changes 
in social systems – decision making behaviours of individuals for example, are important dynamics 
that produce the phenomena exhibited by complex systems. As such, each of the subsequent 
frameworks are examined to identify a ‘best fit’ i.e. which one provides a structure that can nest 
the behaviours and strategies of individuals in the system based on the underlying processes that 
characterise complex systems (they exhibit features of non-linearity, interconnectedness, feedback 
loops, adaptation, and evolution).  
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There have been many integrative theories developed by scholars seeking to understand how 
change happens, the source and role of those changes, and in some cases, how to control or 
harness it. Many of these theories attempt to transcend disciplinary boundaries (Holling and 
Gunderson, 2002).  A study of these analytical frameworks highlight (and rationalise) the interplay 
of change and persistence in a complex system, and the predictability and/or uncertainty of these 
states.  
2.6.1 Panarchies 
First presented by Paul Emile de Puydt in 1860, the term “panarchy” describes evolving systems 
with multiple interrelated and interacting elements. It has since been developed into a conceptual 
framework for global governance systems and non-hierarchical organising theories. Holing (2001) 
explores this concept in detail highlighting how panarchies encapsulate a structure in which 
systems (made up of humans, nature, and institutions) are interlinked in continual adaptive cycles 
of growth, accumulation, restructuring, and renewal. Because it presents hierarchies in dynamic 
nested adaptive cycles that connect from above and below, it contradicts the traditional top-down 
theories of organisation in favour of evolving cyclical systems – this is in line with notions of 
complex adaptive systems. Consequently, many Systems Thinkers (a discipline concerned with 
examining the linkages and interactions between individual components that make up a system) 
often use panarchies as a theoretical framework for understanding complex governance systems. 
Strongly tied to this are principles of sustainability as it cuts across environmental, economic and 
political ecology – hence, discussions in this area often turn to sustainable development. In many 
instances, the impetus for development interventions or situation assessment is the occurrence of 
a crises or breakdown of a system (as pertains to the Nigerian education sector, declining learning 
outcomes). As such, this approach is useful in the development space because it studies the critical 
elements that trigger or affect reorganisation or transformation in a system. Applied to human 
systems, the adaptive cycle framework incorporates features of intentionality, strongly developed 
communication abilities, and technological amplification of actions which will have consequent 
effects on the character and the location of variability within the panarchy.  
 
2.6.2 Institutional Analysis and Development (IAD) frameworks 
From the perspective of governance systems, the Institutional Analysis and Development (IAD) 
framework developed by Ostrom (1990; 1994; Ostrom and Hess, 2007) has gained prominence 
2.6 Frameworks for studying complex systems  
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among policy makers as a tool that aides the systematic organisation, analysis and prescription of 
capabilities (Gibson, McKean and Ostrom, 2000; Sawyer, 2005; Aligica and Boettke, 2009). 
Described by (Ostrom, 2011) as a multi-tier conceptual map, it centres around action situations, 
the subsequent patterns of interactions, and resultant outcomes. Within these action situations, 
defining actors make a series of action decisions based on available information, and the underlying 
rules that order their relationships. They are affected by the decisions of other actors and feel the 
impact of collective actions. Over time, this process constitutes adaptive strategies, whereby 
individuals change their behaviour as they learn from the results of past actions. For example, in 
competitive environments, individuals who can maximise key variables associated with success 
(such fitness or profit) in that environment will survive. By systematically following the decision-
making path from problem identification, to designing a solution, planning the intervention, 
execution and evaluation, this framework has frequently been used to contextualise policy 
processes. Rudd (2004), Benson et al., (2013), and Nigussie et al., (2018) are examples of studies 
that have conceptualised the management of common resources using the IAD framework.  
 
Through multiple collaborations, the IAD was further modified to produce a more dynamic 
framework useful for analysing the sustainability of Social-Ecological Systems (SES) (Basurto and 
Ostrom, 2009; Ostrom, 2009; Ostrom, 2011). Here, the framework situates all resources used by 
humans in a complex social ecological system. It introduces more internal variables and 
incorporates it with multiple layers of subsystems (resource systems, resource units, users and 
governance structures) in a way that allows for the interaction of these levels to produce outcomes 
at the SES level. This version takes into account ecosystem dynamics by analysing the relationships 
between multiple spatial and temporal levels of the systems.  
 
2.6.3 Ecological transitions (Bennett’s adaptive dynamics) 
Bennett (1976) offers a framework that studies how social factors influence human-environment 
interactions in the anthropological field (and within the specific context of cultural ecology). This 
approach has proved popular because it diverges from the traditional views that analyse 
adaptations based on causal determinism, and instead considers a structure of interconnected 
feedback loops – a more systems based approach.  In a structured process, Bennett asserts the 
uniqueness of human ecologies and discusses what makes them distinct; the process of 
identification, and allocation of value to natural resources (not just based on biological needs but 
also culturally determined wants). These are cognitive steps that show that the human-
environment relationship is an interactive, dynamic process that is imperfect (there are no absolute 
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standards for culturally allocated value). It contextualises and incorporates the goal oriented, 
purposive behaviours to satisfy wants with the consequent impact of adaptation on individuals, 
societies and the environment itself (thereby fusing micro-macro levels – favourable for multi-
agent simulations). As such, it follows that the Bennett framework can lend itself to the technical 
modelling of complex decision-making processes. This has been notably and practically 
demonstrated in the agricultural domain by Bharwani (2004). For modelling purposes, Bharwani’s 
work offers some practical insights into the possibilities of adopting such conceptual frameworks 
to guide emerging computational and modelling techniques.  
2.6.4 Other models of strategic choice 
Similar to the formalised frameworks of complex systems, there are also many models of strategic 
choice in business and organisational management fields. One approach (presented by Wilson and 
Gilligan, 1997) places decision-making processes as one element of a broader problem solving 
framework. As illustrated in Figure 2.5, this broader view consists of   
i. Strategic analysis: centred around understanding the strategic position of the organisation 
– clearly defining the boundaries and activities of the organisation, and thus the 
opportunities to, and limits of change.  
ii. Strategic choice: focused on generating, evaluating and selection options. 
iii. Strategic implementation: involving translating decisions into actions. This takes into 
consideration the feasibility and acceptability of strategic choices/decisions. 
 
Figure 2.7 A summary model of the elements of strategic management 
Source: Johnson and Scholes (1988) and Wilson and Gilligan (1997) 
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However, this view of strategy is distinct from the traditional idea of strategy as a long-term plan. 
Wilson and Gilligan (1997) explain that this process is one of continous adjustment in relation to 
competitors’ actions and changed cirmumstances. This approach emphasises organisational 
openness to revision and modification while working towards a preferred state. It contrasts with 
the tendency of organisations to focus on efficiency (essentially introsepctive) rather than 
effectiveness (an interaction between organisations and the environment).  Interestingly, such 
organisational choice processes (governed by the context) share a great deal of similarity with 
Bennett’s definition of adaptive strategy – the final selection is determined by intent and assesment 
of the environment (among other things). Macmillan and Tampoe (2001) highlight additional 
components that factor into the choice process (services/products, markets, 
resourcces/capabilities and options to progress). Figure 2.6 highlights possible future strategic 
choices of organisations. 
 
Figure 2.8 Ansoff’s matrix 
Source: Macmillan and Tampoe (2001) 
 
The top-left cell of the matrix is the current status of the organisation (it is in one of four possible 
states). Movement within this matrix represent organisational choices about products and markets. 
An organisation might chose to continue with present strategies (do nothing), leave the market 
(withdraw), attempt to hold existing market shares (consolidate), or increase market share 
(market penentration). Organisations can also leave its cell and transition to develop new 
products, address new market needs or enter new markets with new products. In this space, 
strategic choice has logical as well as political dimenions. Available options have to align with the 
organisation’s strategic intent, as well as be feasible. In order to meet the latter criteria,  
organisations might have to invest in building skills and experience – thus capability options are 
important considerations. Similar to the analytical frameworks mentioned in the sub-sections 
above, this approach incormporates a combination of bottom-up and top-down approaches. From 
 41 
the top, the genereal goals in terms of organisational direction is linked to the more detailed low-
level strategic options at the bottom. A last important aspect guiding the selection of a strategic 
option is its relative attractiveness or at least acceptability to the parties concerned (Bharwani, 
2004).  
 
In summary, the concepts around decision making processes in this organisational manangement 
field illustrate social and cultural processes. Organisations consider their contexts, the 
alignment/feasibility/acceptability of strategic options. Perceptions of risk and vulnerability also 
influence the acceptability of chosen options and organisations often employ risk reduction 
measures to varying degrees.  
 
Because there are so many moving parts and concepts to grasp when practically modelling a 
complex adaptive system, it is useful to have a structure to guide thinking, simulating, and analysing 
the system. As such, a key consideration in selecting an appropriate framework to study this system 
is a structure that allows for a smooth transition between modelling the system and analysing it. 
The questions explored in this thesis weave through the theories studied, the frameworks utilised, 
and the model developed. In practice, this means that the methodology is informed by pre-
emptively taking into consideration the data analysis portion of this research – there is a whole 
section dedicated to the process of formalising this data. 15 Consequently, Bennett’s Adaptive 
Dynamics framework was selected early on for two main reasons. First, it has a clear structure 
which accounts for individual strategies, as well as the effects of those strategies on the community 
or society as a whole i.e. how micro-level decisions shape the overall macro-level system dynamics. 
By providing sets of categories of these behaviours and effects, this framework also facilitates the 
process of modelling a system with all the principles of complexity in a way that is tractable for 
the modeller. Second, while this research is exploring fairly new terrain in the development field, 
there are opportunities to learn from other domains that employ similar approaches and 
techniques. In this sense, it is pragmatic to refer to existing templates and not ‘rebuild the wheel’. 
The adaptive dynamics framework developed by Bennett has been demonstrated as a useful guide 
by Bharwani (2004). Accordingly, it serves as a useful template for this research – the application 
                                                 
15 This will be done using adaptive strategies from the analytical framework in Chapter 6. 
2.7 A framework for conceptualising adaptive dynamics 
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of this framework in formalising the data and analysing the model is further discussed in 
subsequent chapters.16  
 
2.7.1 Education System Intervention Model (ESIM) 
With a suitable framework that can link micro-level behaviour to macro-level patterns identified 
(in the form of Bennetts Adaptive Dynamics), an additional procedure will be applied to clearly 
define how these micro-level changes occur in the system. As such, a second framework called the 
Education System Intervention Model (ESIM) developed by Mital (2015) will be utilised for this 
analysis. 17  Also a doctoral research thesis, he applies systems engineering and operations 
techniques to model K-12 schools in the United States using a specially developed framework 
called the Education Systems Intervention Modelling. As a study that utilises a modelling toolkit 
to study the dynamics of two school systems, it is a useful guide that factors in the multiple 
dimensions of the education sector, treating it as a complex system. The benefits of introducing 
this framework are two-fold. Firstly, it provides a technical and systematic means of guiding the 
transition of agents in the model from one state to another. Secondly, because it captures micro 
level data for each agent, it can be calibrated to monitor the overall state of the system to register 
various tipping points. This benefit feeds into another important objective of this study; to provide 
insights on the model results that may inform public policy pertaining to education.  
 
In the natural sciences domain, models are reliably and frequently utilised to better understand a 
wide range of events including ecological systems, thermodynamic properties of chemical 
reactions, as well as geological systems (although weather is not so reliably modelled for a variety 
of reasons). Guided by theories and laws, changes in these systems often follow a predictable 
pattern.  In the social sciences, computational simulations are utilised to varying degrees of success. 
Economists have popularised the use of models to identify trends as they occur (now-casting) and 
describe future changes (fore-casting) in financial systems. A recurring critique of such models is 
that while there are attempts to incorporate aspects of human behaviour, these are often based on 
                                                 
16 Specifically, Chapters 6 and 7. 
17 Subsequent chapters will unpack how this treatment is implemented in the model, and how its effects are 
monitored 
2.8 Practical application: using computational simulations to study complex 
(education) systems 
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flawed assumptions (actors have perfect information, will act “rationally”, always increase utility, 
etc.). Consequently, even powerful models cannot transcend the limitations of faulty theories i.e. 
rubbish in, rubbish out. Because the most interesting aspects of predications are the most difficult 
to model, those aspects are often ignored. As a result, many of these models can become overly 
abstracted and consequently, provide little insights into how systems evolve. In contrast, subjects 
in the humanities require a more nuanced and detailed analysis at the individual level, in addition 
to general trends. In this regard, research with a more anthropological leaning focus typically face 
constraints in attempting to utilise models from the natural and social scientific fields. Here, theory 
and the method of analysis is very closely tied (methods have advanced theory and vice versa 
(Gilbert, 2008)). Accordingly, with the rise of increasingly diverse computational tools, the 
traditional barriers that prevented modelling individual agents and the relations between them has 
been greatly reduced, while also advancing research theories. Agent-based models have risen to 
the fore as a tool with great potential to have an important impact in better understanding 
adaptation of individuals and societies. In particular, it allows for an interaction between qualitative 
and quantitative (and on another level, the analysis of this interaction) datasets and models.18  
 
However, it is important to note that attempts to apply concepts of complexity to social systems 
have not been a straight-forward or non-contentious transfer. Many sceptics have questioned the 
practical and direct applicability of utilising models to simulate change in a social system. Within 
the education sector, it has been informative for this research to follow how this debate has played 
out in the academic journals. In a 2010 paper, Keshavarz et al. draw from systems science to 
examine the relevance and utility of complexity concepts to better understand how health 
programmes can be introduced and sustained in schools. However, shortly after, there was an 
immediate critique of this paper by Haggis (2010) highlighting epistemological challenges – 
Keshavarz et al. reference “drawing upon” theories of complex adaptive systems to analyse 
interview data while remaining vague as to the implications of complexity in the requisite research 
design. This critique points out a central consideration in developing the methodology for this 
study – how do researchers move beyond the use of complex adaptive systems as an approach? 
Discussions on this seem to directly imply that certain conceptual and indeed methodological and 
analytical procedures (beyond the conventional) are required. Therefore, how can we clearly 
articulate what those procedures might be (Haggis, 2010)? Haggis contends that many of such 
studies lack a cohesive response to the ontological, epistemological, and methodological issues at 
                                                 
18 This is further discussed in the methodology section in the next chapter. 
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stake, and often simply resort to using complexity concepts metaphorically. Keshavarz, Nutbeam 
and Rowling (2010) respond to Haggis by re-articulating their research objectives, and delineating 
the points of divergence in perspective, and consequently their research ontology/epistemology 
which was based on a theoretical investigation. These exchanges highlight the main areas of 
contention when it comes to developing (school) policies based on concepts of complex systems.19 
Can it be used as a form of empirically-based explanation of phenomena, or is it an interpretative 
form of understanding created out of interview data? Might it be both? This thesis sits in this 
difficult space and uses the questions put forward in Section 1.3 to investigate the potential of 
complexity theory/how it can be applied to study social systems. 
 
The bigger picture shows that the use of simulations to better understand the dynamics of 
educational systems has taken many approaches (some of which echo the challenges identified 
above). A general survey of the literature shows numerous studies carried out within schools on 
the shift to incorporate adaptive learning technologies with regards to curriculum content (what to 
adapt), and methods and/or process of achieving goals (how to adapt). From an educational 
systems management perspective i.e. the schooling structure as a whole, the studies tend to look 
at specific parts of the system. For example, Martin and Dismuke (2018) investigate differences in 
teaching practices through a complexity theory lens. The study is relevant to this research because 
it examines the process of teacher learning and development using concepts of complexity. 
However, while they offer useful insights on viewing teacher development as a system, their 
analysis is bound to one category – teachers. In contrast, this thesis is concerned with a wider 
perspective of the education sector (teachers, headteachers, schools, and to a lesser extent, 
government actors and pupils).  
 
Other studies such as Snyder (2013) and Szekely and Mason (2019) highlight and discuss the 
principles of complexity that underpin the education sector. These papers make public policy 
recommendations based on a theoretical conceptualisation of the complexity of the context, and 
an analysis of existing education policies in those settings. This thesis shares a common objective 
with these studies in that it also argues for a change in how government institutions view the 
system, and thus their approach towards educational policy reform. However, it goes a step further 
in exploring the practical dimensions by actually modelling the complexities of said education 
systems. Daly et al. (2015) study the relationships between educational leaders in a school district 
to determine how negative social ties impact on school performance. It builds on social network 
                                                 
19 In addition to illustrating some misrepresentations and misunderstandings. 
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theory (a feature incorporated into agent-based models) by highlighting the importance of the 
nature of ties amongst stakeholders in a system. This is a useful study which presents an alternative 
approach to modelling social processes – with a focus on negative relationships between 
stakeholders. As such, their approach informs the interactions modelled in this thesis. An earlier 
study (Schiefelbein, 1975) of the Mexican Education System also uses modelling techniques under 
some constraints (mostly technological) to analyse the effects of alternative educational policies. 
While it is useful to study, some of the more recent papers offer more practical guidance. 
Nonetheless, the papers highlighted in this section have been key resources in designing, modelling 
and analysing complex social systems in the educational sphere, and inform this research. Mital 
(2015) in particular provides an important technical grounding for this research. However, this 
thesis builds on Mital’s work in both scale and context by modelling a programme that encompasses 
thousands of schools in Nigeria. As such, the dynamics and operational concerns are significantly 
different. 
This chapter builds the case for viewing the Nigerian education sector as a complex system. It 
provides historical context to illustrate the dimensions of challenges faced by stakeholders, and 
presents the concepts of complex systems, explaining how the properties of the educational sector 
aligns with general complex systems conceptual perspectives. Specifically, the concepts of 
complexity are directly related to the UBE programme (Section 2.4.1). The study of this 
programme illustrates an inherent dysfunction in the system that limits the successful 
operationalisation of the UBE policy. The absence of functional connections and effective 
cooperation/coordination between major stakeholders produces an educational system that does 
not utilise the fundamental principles of complex systems to implement and operationalise its 
goals. This analysis also attempts to highlight instances where the principles of complexity were 
(formally or informally) utilised, and the degree to which this was successful. For example, while 
the education sector managed to successfully devolve power to the state and local governments, it 
failed to simultaneously maintain effective networks. Accordingly, the next few chapters build on 
how an understanding of the dynamics of complex systems can contribute to the design and 
implementation of more “successful” reform programmes. To understand how the system has 
grown and evolved, numerous works were referenced (notably Clarke, 1978; Csapo, 1983; Ityavyar, 
1986; Fabunmi, 2005; Daniel-Kalio, 2018) and used to paint a picture of the education system and 
sector as a whole.  
 
2.9 Summary 
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While this research does not make an in-depth analysis of the variations across Nigerian states, it 
is important to note that the implementation of the UBE policy is not uniform moving from state 
to state. One of the most significant challenges stakeholders face has been the conflict in the North 
East of the country. This region has a high proportion of out of school children (with girls 
particularly affected) according to a report by Human Rights Watch (2016). This is an added layer 
of complexity which must be incorporated into any educational development strategy. As a 
pertinent issue which came up during interviews, it is taken into consideration and further 
discussed later in this study.20 The discussion in this chapter demonstrates that the phenomena 
and associated problems human societies are trying to understand and solve are large in number. 
And while they are difficult to encapsulate in one framework without short-changing some aspect 
of the problem, the complex systems approach has gone further than any in attempting to account 
for the numerous factors. 
 
In addition to providing some context for the changes and developments in the education sector, 
the main aim of this chapter was to consider what it means to study (and work in) a complex system. 
Because the complex systems approach attempts to situate strategies from the viewpoint of 
individual (or institutional) actors’ capacity, and thus their ability to affect the wider system, it is 
useful to have a structure to guide the layering of this “complexity”. Consequently, a series of 
analytical frameworks were considered in Section 2.5 (Wilson and Gilligan, 1997; Holing, 2001; 
Basurto and Ostrom, 2009; Ostrom, 2009) and two: Adaptive Dynamics (Bennett, 1976) and, the 
Education Systems Intervention Model (Mital, 2015), were selected as providing a promising 
structure for formalising and analysing the research data.  The methodological application of this 
perspective involves computationally simulating the education sector (in this case, the 
implementation of one specific programme in the sector) – this is introduced in Section 2.7 and 
will be further discussed in the next chapter. Critiques and challenges (Haggis, 2010; Keshavarz et 
al., 2010; Keshavarz, Nutbeam and Rowling, 2010) around this approach were discussed in light 
of the opportunities they present for this research. 
 
After reviewing the literature on modelling complex systems, there are a few notable studies 
conducted in the education sector that speak directly to this research (Schiefelbein, 1975; Snyder, 
2013; Mital, 2015; Martin and Dismuke, 2018; Szekely and Mason, 2019; Daly and Finnigan, 2011; 
Daly et al., 2015). These studies offer a relevant perspective. However, they have tended to either 
(i) focus on one dimension of the education system, or (ii) discuss the education sector as complex 
                                                 
20 In Chapter 5. 
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system in theory but do not proceed to model it. As such, this thesis attempts to bridge two gaps 
not addressed in the literature – to present a broader perspective of the education system as a 
whole21 (a difference in approach), and develop a model of this system (a difference in practice). 
Moreover, none of these papers study the Nigerian education sector (or the developing country 
context). The next chapter presents the specific methodologies used to realise the research 
objectives. It includes details on the fieldwork process, the nature of the data and how it fits into 
the research approach, as well as an overview of the various software libraries available to model 
the social system.  
 
 
 
 
 
                                                 
21 Although this research is a broader analysis, it does not comprehensively cover the entire education 
system. Further discussed in Section 9.4 (i.e. how the model can be extended). 
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3. Methodology 
This chapter provides an overview of the methodologies used in this research. It goes through the 
phases of research design (informed by the literature review), data collection, and the preliminary 
phases of the modelling framework, and analytical framework. 22  A survey of methods, a 
description of the techniques and tools for model building, and a review of the modelling platforms 
is also provided. The mixed methods approach of this research is illustrated in the combination of 
techniques and strategies throughout the process of data collection to analysis. Structured into two 
parts, a blend of analytical approaches and research techniques are used to illicit raw data, organise 
this information using an analytical framework, and then ‘apply’ the knowledge gained such that 
model processes reasonably reflect the complex processes that characterise the real system. The 
entire methodology very much centres around model building and two data sets will be presented 
and discussed in this chapter.  First-hand primary (qualitative) data and secondary (quantitative) 
data are combined into one model architecture. This information is then cross-referenced to 
validate, triangulate and provide a clearer picture of the education sector in Lagos and Kaduna 
states.  
 
This chapter also reviews potential modelling platforms and key considerations in selecting a 
suitable toolkit to implement the project in Section 3.7. In general, this research highlights a 
reiterative process of interaction between qualitative processes from the field of social sciences, 
and quantitative models from the physical sciences domain to examine a social system undergoing 
changes. An overarching consideration throughout designing the methodology of this research 
was the ethics of obtaining and using data. As such the chapter also reflects on and discusses the 
underlying principles that guided this process. 
 
The methodological design of this research is greatly influenced by the combination of social 
science techniques (and theories), simulation software, and computational technologies adopted 
to answer the questions posed in Section 1.2. The inter-play of these elements to map out and 
model a complex social system shapes how the investigation is carried out during the fieldwork 
phase, the kinds of data needed as input, how analysis can be carried out later on, and the eventual 
validation of model results. In one sense, this thesis is a methodological exploration of a potential 
                                                 
22 To be further discussed in Chapters 6 and 7. 
3.1 Research design 
 49 
development approach, and it aims to contribute to the design of models for application in the 
international development field. Figure 3.1 highlights the context of this study.  
 
 
Figure 3.1 Context of study 
Source: (Davidsson, 2002) 
 
As the figure illustrates, three inter-relationships constitute agent-based social simulations (this 
study lies in the intersection of all three fields). Grounded in the dynamics of human interactions, 
the social sciences provide a context for studying the interactions of social entities in this research. 
The field is typically “messy”, with ill-defined boundaries and limited individual capacities (Moss 
and Davidsson, 2000). Agent-based computing emerges from the field of artificial intelligence as 
a systems engineering platform (Jennings, 2006) linking the technical and social paradigms. From 
computer simulations, the techniques of simulating phenomena in a controlled space is provided. 
This research operates in the intersection of these fields, drawing from, and aiming to contribute 
to each. To develop the agent-based model, empirical data is collected adopting tools and 
approaches from the social sciences i.e. data is formalised for modelling using a conceptual 
framework of adaptive strategies developed in the anthropological field. To define the governing 
dynamics of the model, technical infrastructure from systems engineering and computational 
operations are employed.  As such, the existing libraries of agent-based computing models are 
surveyed, and codes from computing simulations are referenced in an attempt to build (/re-create) 
the observed social system.  
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With these fields informing the overall research design, the methodology is structured into two 
parts. The first part identifies a suitable test case which can speak to the objectives of this thesis 
i.e. a programme that operationalises the theories of complexity in the education sector (Chapter 
2 has already unpacked how the dynamics of the sector is characterised by complexity). With the 
selection of the system to be modelled, a preliminary profile of the various stakeholders in the 
system is created and the social, economic and political context can be mapped out. This part also 
centres around the nature of the data required to satisfactorily model the social system (presented 
in Figure 3.2) – this aspect encapsulates the granulity of data which will enable the modeller to 
build a rich and dynamic simulation. Thus, the quality of data is an essential consideration because 
it determines the degree to which this study can successfully apply the concepts of complex 
adaptive systems in a model, which in turn can reasonably produce insights into changes in the 
real system. Accordingly, the methods utilised to gather information are discussed with regards to 
the level of detail required.  
 
 
Figure 3.2 Conceptualisation of the target social system 
Source: Author’s conception 
 
The second part of the methodology involves developing a modelling framework of the social 
system presented in Figure 3.2. Here, the data collected is formalised through a knowledge 
engineering process that defines (and continually refines) the governing dynamics of the model 
from the ground up. Because this research is in part an exploration of a methodological approach, 
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methodology is weaved into model design and analysis of the model results.23 Consequently, this 
chapter shall focus more on the first part of the methodology, and will delve more deeply into the 
second part in subsequent chapters.  The end of this section discusses specific challenges relating 
to data collection, the potential implications of these challenges.  
 
As already discussed in Chapters 1 and 2, this study has three strands of interest: development, 
education, and modelling complex social systems. To this end, these elements are necessary criteria 
in selecting the case-study on which to base this research. Early on, the Education Sector Support 
Programme in Nigeria (ESSPIN) was identified as meeting these primary requisites. In other 
words, it is: 
 A development programme in the education sector. 
 Implemented in six states to date. This provides a rich, diverse and large scope in which 
to study variation and similarities across contexts. It also allows space for the researcher 
to choose at which scale to model. This is a critical consideration – insufficient 
information may result in the researcher making too many unsubstantiated assumptions 
to fill in gaps, and too much data can sometimes wash out the uniqueness or peculiarities 
of states by over-abstracting individual experiences. Consequently, it is for the researcher 
to determine the ideal balance (in this research, this was achieved through a collaborative 
process with stakeholders). 
 A programme which involves a variety of stakeholders who work together to successfully 
implement the programme. It is a dynamic programme which has been greatly influenced 
by the context of each state. As such, it has performed differently geographically, as well 
as longitudinally. It exists within a demonstrably a complex social system and transfers 
well into the agent-based modelling approach. 
 
The scope of ESSPIN is very large; it is implemented in over 16,000 schools and its associated 
teachers, pupils, communities, education authorities (at federal, state and local government levels), 
and civil society organisations, among others. Designed as a development programme, it is jointly 
funded by UK Government and the Nigerian Federal and State Governments and is implemented 
in six states: Enugu, Jigawa, Kaduna, Kano, Kwara and Lagos. For now, the process of selecting 
                                                 
23 Model design is discussed in Chapter 7, and the model results are presented and analysed in Chapter 8.  
3.2 Selection of the Case-study 
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the states and participants of this research will be the primary focus of this discussion and a more 
detailed description of the programme and states will be provided in the next chapter.  
 
With the objective of improving learning outcomes, ESSPIN exists in some of the most populated 
states. This strategy has meant that any improvements this programme yields would likely have a 
significant effect at a national level (this also speaks to international development goals and 
targets). Of these states, this researcher has chosen to study two – Lagos (a southern state) and 
Kaduna (a northern state). These were selected based on two major considerations which are 
closely linked. The first was geo-political. Nigeria is a highly-populated country with significant 
economic disparities between the north and south. Unsurprisingly, this is reflected in educational 
attainment rates and learning outcomes; the second consideration was educational indicators 
(Chapter 2 provides some historical context for this). Lagos and Kaduna are good representatives 
of both regions with one major exception – they are both home to some of the largest populations 
in the two regions24. Hence, the states have the responsibility to provide basic education services 
to a significant proportion of the country’s young. Although the general format of ESSPIN is the 
same, each state has its own specific challenges which has meant the programme has had to adapt 
to the different contexts.25 The implication of selecting two states is that two models will be built. 
This offers an interesting and potentially revealing basis for comparison.26 It is anticipated that the 
differences between the states will produce distinct dynamics as data will be examined within the 
context of its use. 
 
This multiple case-study approach enhances the robustness of the study because there are more 
sources of evidence, and the different pieces of information provide a rich data set from which to 
study patterns and test hypotheses. From ontological and epistemological perspectives, the design 
and implementation of ESSPIN (independent of this research) is particularly well suited to the 
case-study form of analysis. It has been operationalised to test a theory; that the education system 
can be improved by creating an integrated learning environment (this constitutes of many 
activities). Similarly, this thesis also aims to test the underlying theory of this programme; that the 
processes driving change in this specific environment will yield the desired learning outcomes. At 
a more fundamental level, this approach also speaks to the use of simulations to study social 
                                                 
24 Initially, Kano was selected to represent the northern region. However, due to security concerns in the 
state during the fieldwork period, that selection had to be changed to the next state which had the closest 
fit to the criteria. 
25 Further discussed in Chapters 4 and 5. 
26 This comparison will be made in Chapter 8. 
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systems, and beyond that, it can provide insights into success factors for the programme (and vice 
versa) in each context. One of the end-products of this research is a model framework that 
facilitates the study of behaviours which emerge from simulations of the system. 
 
With reference to the literature (Stake, 1995; Yin, 2003; Baxter and Jack, 2008), a case-study (or 
multiple case-study) approach is well suited to answer “how” and “why” questions. In particular, 
it enables the researcher to explore the contextual conditions relevant to the phenomenon under 
study. It is often the case that there are no clear boundaries between the phenomenon and the 
context, and so, first and foremost, this research utilises methods that offer a lens to discover and 
explore the behaviours and phenomena observed in the system. Following this, the researcher 
aims to engage with stakeholders to understand the process, activities and practices they adopt. 
For each of the states, these methods will seek to investigate: 
 
a. Who are the actors in the system, what are their objectives (and priorities), their 
relationships and interactions, what/who influences them and to what degree? 
b. How do they navigate the challenges in their environment and make decisions? 
 
These questions relate to processes that can provide insights on how changes occur in the system, 
and is the bedrock of the modelling aspect of the research. To this end, it is important to spend 
some time immersed in the local context to understand the complexities of operationalising 
ESSPIN, and the early fieldwork phase centred on learning as much as possible about the system 
via primary first-hand data. Figure 3.3 summarises this process using the methodology structure 
and methods selected. The process was designed to be open and participatory, and preliminary 
data collection methods included observation, semi-structured interviews (with key informants), 
and surveys (further expanded on below). These tools were considered best suited to 
understanding context and meaning from the perspective of stakeholders. However, through a re-
iterative process, the research objectives continually inform the research methods, which in turn 
refine the model design and definition. In practice, this means that the information required to 
build a model that can answer the research questions are not quite precise at the beginning of this 
process. Further down the line, the research homes-in on the key individuals and processes in the 
system that can provide insights. Over this period, prototype model structures were outlined 
3.3. Immersion in the context 
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weaving together the knowledge gained from interactions/observations, and the research 
conceptual framework (see Figure 3.3.).  
 
 
Figure 3.3 Methods per stages of research 
Source: Author’s conception 
 
Figure 3.3 outlines the different stages of the research methodology. The first part involves getting 
a lay of the land i.e. fieldwork interviews and surveys to collect data. This process occurred over 
the first two and a half years of the research. The last stage is the model development. Here, 
multiple versions of the model are produced and continually refined and updated through multiple 
consultations with key stakeholders and subject matter experts. The rules that guide agent 
behaviour as conditions in the environment change are established and implemented in the 
prototype model, and changes within (and their impact on) the system (an agents) are then 
examined. The emergent features from the interactions of multiple factors are also observed i.e. 
agent’s priorities versus resources in the system versus the nature of relationships. At this point, 
secondary data is also used a means of triangulating the validity of model results.  
 
3.3.1 Observation 
Participant observation is a common and useful technique for researchers to study and learn about 
stakeholder behaviours and the dynamics of their interactions within the setting of the programme. 
An important aspect of ESSPIN is how key stakeholders (teachers, headteachers, school support 
officers and community representatives) enact the change components of the programme. In many 
ways, the daily activities of stakeholders, performance in their tasks/roles, and perceptions of the 
programme are primary measures of their effectiveness (and can be considered success factors for 
ESSPIN). Accordingly, specific activities pertaining to ESSPIN’s theory of change (further 
discussed in the next chapter) were selected for observation. These included headteacher and 
teacher training sessions conducted by the designated school support officer, community 
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representative meetings (school based management committees), and classrooms in session. These 
activities shed light on decision making processes, mechanisms of cooperation, and conflict 
management/resolution behaviours. Importantly, in observing these interactions, membership 
roles, key relationships, shared values, and the politics of certain situations could be perceived. 
This technique also provided an opportunity to identify new dimensions to the context that directly 
relate to the research questions. In general, observations from this phase were critical to 
understanding the bigger picture; while ESSPIN exists to address many systemic challenges, from 
a complex systems perspective, it appears to operate within a system buffering through negative 
feedback loops (financially and politically). Consequently, individuals and groups face challenges 
in implementing the programme – these were often displayed in meetings. By broaching the realm 
of tacit knowledge, the researcher can thus make inferences on what has been said and observed, 
and further investigate during interviews. 
 
3.3.2 Preliminary semi-structured interviews 
This research technique allows for open-ended, in-depth, and informal conversations on critical 
issues relating to the study. Among its many advantages, it provides enough structure to guide 
exploration within the scope of the research, while allowing space for discovery of new dimensions 
to specific issues. In this collaborative way, stakeholders can help the researcher establish a 
reasonable margin for the boundaries of this investigation. The framing of the research questions 
were guided by the processes to be captured in the model and was organised in five parts to 
investigate – individual profiles (goals, roles, responsibilities of stakeholders), agent relationships 
and interactions, experiences and perceptions pertaining to and/or influencing the programme, 
challenges and opportunities to adapt/maladapt or satisfice. 
 
A more formalised approach can be observed in the Integrated Capabilities Framework (ICF) 
developed by Clark and Hodgett (2019).27 This framework also provides a useful guide because it 
values economic aspects of well-being and can be applied to dynamic contexts and realities. While 
these are typically harder to quantify, they often offer significant insights into the decision-making 
behaviour of individuals – a primary concern of this study. In this way, the ICF recognises the 
multidimensionality of the stakeholders in a system by capturing, disaggregating, and incorporating 
the complexity of their experiences into the research analysis.28 Although this research does not 
                                                 
27 An earlier version of the framework is proposed by Hodgett and Clark (2011). 
28 Not necessarily in this order.  
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explicitly adopt their approach, it also attempts to explore the nuances in the experiences of 
participants, and the nature of the research questions allow room for the expansion or contraction 
of modelling boundaries (included in Appendix 1). While appropriate for the first phase of the 
research, it is important to establish a clear and reasonable parameters before proceeding to the 
modelling phase. To this end, the first key concern is defining the study population, and the 
inclusion and/or exclusion criteria which will provide clarity on the boundaries of this research. 
Here, the primary criterion in selecting participants was involvement in the basic education sector 
at large. Closely following was interviewee participation in the implementation of ESSPIN in the 
case-study states. This establishes a certain degree of homogeneity in terms of the entry point 
(typically all interviewees have a vested interest in the sector), but a great deal of diversity from the 
perspective of the primary roles and responsibilities of these participants.  
 
a) Sampling for interviews 
 
Preliminary interviews were conducted in three states (two implementing states, and the capital 
city, Abuja, where programme activities were coordinated). The initial sample size was determined 
by theoretical as well as practical considerations. Time and resource constraints necessitated an in-
depth, idiographic29 approach rather than wide scope approach (this is also necessitated by time 
and resource constraints). The case-study structure also sets a straight-forward limit on the number 
of participants, geographic area, and events or conditions of study. At the beginning of this 
research, the anticipated sample size was about 70 participants (representing the different states, 
institutions and schools themselves – see the schedule presented in Table 3.1. below)30. However, 
after initial interviews, a select number of key informants and subject experts were identified for 
more in-depth and extensive interviews (and conversations) over the course of the model 
development period (further discussed in Section 3.3.3).  
 
 
 
 
 
 
                                                 
29 Relating to the unique experiences of individuals – often cultural or subjective phenomena. In contrast 
to nomothetic which is very reliant on sample sizes in order to generalise (O’Connor and Wolfe, 1987; 
Robinson, 2012; Robinson, 2014). 
30 By the end of the data collection process more than 70 participants were interviewed 
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As noted by Glaser (1978), it is not unusual to change sample sizes as a project progresses – this 
is consistent with the idea that data collection and analysis should occur at the same time 
(Grounded Theory). Such simultaneous analysis permits researchers to make real-time judgements 
on how to proceed in terms of interview content and scale of data best suited for the research 
(Strauss and Corbin, 1998). In addition to refining the scale of the interview process, data 
collection methods also had to be revised due to contextual challenges – further discussed in the 
next section. 
 
In selecting the participants for interviews, a purposive, non-probability sampling approach is 
adopted. With this strategy, data is collected from particular categories within the study population 
(presented in Table 3.1) to ensure that they are represented in the final sample of the research. 
Furthermore, groups are stratified based on their historical, practical, and/or theoretical 
significance to ESSPIN. This is achieved following provisional analysis of the first set of data, 
enabling the study to gradually become more focused and refined. This process ensures that 
indivduals with in-depth knowledge on the design and operationalisation of the programme are 
selected. They can then provide insights on how decision-making behaviours have led to the 
adaptation (or maladaptation) of the programme (as opposed to the individual agents), and how the 
implementation of certain policies/activities (or a lack thereof) has impacted on stakeholders and 
Table 3.1 Proposed Fieldwork Interview Schedule 
Research Participants Location No of people Methods 
Designers of ESSPIN 
Cambridge, Oxford 
and London, UK 
~4–7 persons Interviews 
Coordinating body of aid programmes, 
National Planning Commission (NPC) 
Abuja, Nigeria ~3–4 persons Interviews 
Donors active in the education sector Abuja, Nigeria 
~5–10 
persons 
Interviews and 
surveys 
Federal Ministry of Education, Universal 
Basic Education Commission and State 
Boards 
Abuja, Kaduna and 
Lagos, Nigeria 
~10–15 
persons 
Interviews and 
surveys 
Selected NGOs and CSOs 
Abuja, Kaduna and 
Lagos, Nigeria 
~4–7 persons Interviews 
A selection of schools implementing the 
programme 
Kaduna and Lagos, 
Nigeria 
~20–30 
persons 
Interviews and 
surveys 
Source: Author’s First Year Report (2016) 
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ultimately, the programme. This approach can also be considered a typical case strategy (Miles and 
Huberman, 1994) to the degree that it highlights how different the states are, and how each must 
devise its own unique solution.31 
 
3.3.3 Key Informant Interviews (KIIs) 
In the early stages of the interviewing process, participants were asked similar open-ended 
questions to establish a baseline of issues. Over 70 stakeholders participated in one-on-one 
interviews during this phase. From these participants, a select number of ten were chosen (five 
representing each state) to serve as key informants to build the model. This technique is useful for 
investigating subjective views, expert opinions and first-hand knowledge (Kumar, 1989; Marshall, 
1996; Homburg et al., 2012). Informants who demonstrated a detailed understanding (and a 
willingness for more extensive conversations over a protracted period) of the operations of 
ESSPIN were thus invited to be key informants and subject matter experts. Because this research 
is interested in the experiences of individuals engaged with ESSPIN; how and why they make 
decisions (motivations), fulfil their roles, and the constraints they deal with, the KII technique is 
well suited to understanding how individuals negotiate their environment. The use of key 
informants is also very appropriate because it (i) helps in interpreting quantitative data by making 
sense of the micro-decisions that produce large scale results, and (ii) provides flexibility to explore 
new ideas and issues not previously anticipated. With reference to this research’s objectives, this 
process builds towards the ultimate research goal of facilitating effective development 
interventions.  
 
In this vein, the model is centred at the school level and so only a certain set of people can provide 
information on the day to day experience of running a school (and how ESSPIN factors into that). 
The perspectives of teachers, headteachers, pupils and school support officers are the basis of 
developing the model and subsequent analysis of the system. As such, these individuals are 
considered to have specialist knowledge and were chosen for more in-depth discussions. The 
identities of these participants are concealed as per research ethics, however, their experience and 
qualifications are relevant in choosing them as key informants to speak on the programme. 
Consequently, the general backgrounds of these anonymised participants as well as a discussion 
on how the data collected shapes an understanding of programme implementation in each state 
                                                 
31 No such thing as typical in the generic sense of the word. Each state has its own stark difference. 
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will be discussed in a subsequent chapter.32 Other stakeholders outside of this select group were 
also important in ensuring the consistency and validity of the model throughout the process and 
were consulted (but at less frequent rate). They provided secondary information which helped to 
paint a fuller picture of the context. Section 3.3.4 goes on to explain how data collected from these 
interviews helps to transition to the next phase of knowledge engineering. Engagement was 
maintained with these stakeholders post the fieldwork phase with periodic visits to the states and 
frequent phone interviews (from 2016 to 2018). During this time, the states went through a lot of 
changes; ESSPIN as a project officially concluded in both, political administrations reversed and 
implemented new policies, and the economy has been volatile.33  
 
3.3.4 Interactive surveys – ‘checking’ the data 
In addition to the traditional interviews, this research attempted to introduce complementary 
participatory techniques to elicit knowledge using a combination of knowledge engineering and 
ethnographic methods (Wooten and Rowley, 1995). The data obtained from the preliminary 
interviews were essential in determining the salient aspects of decision making in the education 
sector and these are discussed at length in later chapters. This information was then to be validated 
using a computer aided interactive questionnaire which would serve as a tool to identify the specific 
variables that would impact on decision making in differing scenarios. With these results, a survey 
was developed which would go on to inform rule-induction 34 , and once again verify the 
‘representativeness’ of the model. It was anticipated that the output would be used to create 
decision trees and define prototypical rules of the model. This cyclical process was to ensure that 
the key informants could correct, update and fill in any gaps in the knowledge elicited from 
interviews (and observations). While this procedure is relatively novel in the development space, 
it has been demonstrated and successfully applied within other sectors. For instance, Bharwani 
(2004) offers a practical guide in the agricultural domain. The benefit of this strategy is that it 
allows for continued engagement with key informants to continue to refine and update knowledge 
used as input throughout the modelling cycle. In particular, because key informants are actively 
making decisions, it provides the researcher with a tangible database of their choices and 
preferences under different conditions – a potentially useful cross-referencing tool.  
 
                                                 
32 The background details as well as the knowledge gathered from the KIIs and other participants are 
presented in Chapter 5. 
33 Further discussed in Chapter 5. 
34 An area of machine learning that extracts formal rules from a set of observations/responses.  
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However, while key informants were interested and willing to engage in this additional procedure, 
major challenges encountered included but were not limited to technological limitations 
(connectivity issues and lack of convenient tools to access the survey) and the cost of internet data 
to complete the surveys. After reviewing potential survey platforms on which to conduct the 
surveys, SurveyLegend (2019) was selected because it offered a good balance of the survey 
requirements – a straight forward and intuitive interface for respondents, and analytical tools for 
question-branching at the backend. Because decision trees are being built there is an added layer 
of complexity and trade-off i.e. the selected platform should ideally provide a means of navigating 
through logic chains and branching-out questions. Notwithstanding these considerations, within 
the first few weeks of implementing this strategy, the platform (and indeed approach) proved too 
much of a challenge in this context. Many of the key informants for this research (teachers, 
headteachers and school support officers) did not own smart phones. Consequently, in order to 
complete the surveys, they needed computers or tablets which provided a better interface to view 
the survey, as well as sufficient internet data to load the pages. Further compounding this problem, 
due to poor internet connection and power shortages, informants’ response rate was very slow 
and often incomplete. In summary, the time and resource costs to the key informants made this 
strategy unfeasible. As this phase was occurring post the fieldwork period, the distance (location-
wise) between researcher and key informants also hindered the level communication and guidance 
which would have been useful to have successfully applied this procedure.  
 
Although this technique was a supplementary step, an implication of dropping this procedure is 
the loss of a documented, well-defined representation of stakeholders’ decision-making 
behaviours. However, models have been successfully built without adopting this step formally (see 
Mital, Moore and Llewellyn, 2014) and this research takes steps to mitigate the impact on the 
model development. Specifically, while difficult for the participants to access the survey, it was 
relatively easy for them to give their time for additional interviews and informal conversations over 
the phone (this also removes ethical concerns in terms of the costs to the participants because the 
interviewer bears the expense). This occurred over an extensive period post-fieldwork – with each 
iteration of the model, information from this process was used to check that the model dynamics 
were reasonable i.e. that assumptions and priorities under different conditions were sound. 
Furthermore, secondary sources of data provided a good basis for comparison to ensure that 
model results were consistent with real world data, and subject matter experts were consulted to 
review the operational components of the model (stochastic robustness, system sensitivity to 
change, etc.). 
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As implied in the previous sections, validation of the model is a critical component and pre-empts 
any data analysis. Accordingly, it was an early consideration in the selection of ESSPIN as the case-
study. As an international development programme, there is a lot of emphasis on accountability, 
monitoring, and evaluating the progress of activities and outcomes. This has resulted in a 
significant amount of data in the public domain on implementation in each state, including some 
information on the levels of investments35, the targets met (or not), and changes to the rolling out 
schedule. In light of the challenges faced in attempting to apply a systemised and formal validity 
check by key informants (Section 3.3.4), these reports have been very important to ensure that the 
model is stochastically robust. By assessing the results of the statistical analysis of the model with 
reference to the published reports and censuses, the quality of the model can be evaluated. It 
highlights when there is too much noise (model is over-fitted) or when insufficient patterns are 
captured in the data (model is under-fitted). The main documents referenced include progress 
reports produced by the programme itself (ESSPIN) by contracted third parties, evaluative analysis 
by other international institutions active in this sector, and budgetary documents and the annual 
school census carried out by state governments.36  
 
Like most other qualitative based research approaches, this research is completely dependent on 
the quality of data collected. In the aptly titled paper “Do people mean what they say?”, Bertrand 
and Mullainathan (2001) discuss the implications of this question on subjective survey data. This 
is a very relevant consideration when building a model aimed at representing the experiences of 
individuals as accurately as possible. It is also very closely tied to the process of triangulating and 
validation described above.  Discrepancies at the validation stage of modelling often points back 
to the data used to calibrate and set-out the parameters of the model, as well as the information 
used to structure the governing dynamics of the model. After reviewing evidence from empirical 
studies relying on subjective data, Bertrand and Mullainathan (2001) propose a measurement error 
framework which takes into account discrepancies. They conclude that such data sets are not 
ideally suited as dependent variables, but may be useful as explanatory variables i.e. they can reveal 
important underlying factors influencing actors. Preliminary runs in Section 7.6 deals with this 
                                                 
35 It is always a challenge to get a clear picture on how state funds are allocated and released. As such, this 
research is conducted with an awareness that this information may not be entirely accurate. 
36 The process of model validation is demonstrated in Chapter 7. 
3.4 Notes on model validation and data quality 
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issue by conducting sensitivity tests to reconcile variations in model output with macro data from 
published reports, and a re-examination of the data used to build the model.  
 
In preparing for the interviews, it was important to take steps to address/navigate the many 
complex ethical issues that follow research of this nature (in a developing country, with children 
participating, and religious dimensions). In particular, power gradients (between researcher and 
participants and vice versa), knowledge generation, ownership, and use were considered while 
conducting fieldwork. Furthermore, for research coming out of the Development Studies space 
(such as this one), there is also a moral imperative to not only “do no harm” but rather to “do 
good” (Madge, 2007; Corbridge, 2015). This research aims to directly support school improvement 
activities in Nigeria; the model has been developed in conjunction with the stakeholders precisely 
so that it can be useful to them. However, as an “ethically complex field of enquiry” (Sumner, 
2007, p. 1), it is possible to stumble into areas where the harms (to the research and participants) 
are not obvious. Accordingly, this research considers ethics in three main dimensions: (i) 
participant consent, (ii) safety and security matters, and (iii) positionality of researcher.  
 
i. On participant consent: In accordance with university guidelines, applications for ethical 
approval were submitted and approved before departing for the fieldwork phase.  This 
process involved reviewing all the questions to be asked, interview schedules (location, 
duration and frequency), and risk level of participants. Project Information Sheets and the 
Summarised Research Proposal were provided to all participants (see Appendix 2). These 
documents explained the purpose/importance of the research, how participants could 
contribute to the overall project, what involvement would mean for them, how results 
would be used, who had reviewed the study, and contact points were provided if 
participants had complaints or chose to withdraw. Official documentation (from the state 
governments) approving the research was also provided to participants. At the start of 
interviews, it was made clear that participation was entirely voluntary, that they have the 
right to withdraw at any point (even post-interviews – in which case the data supplied 
would be removed/not used), and that the conversation would be recorded. It was 
explained that their anonymity would be protected, and they could decline to answer any 
specific (or all) questions. In addition to the adults implementing the programme, the 
children benefitting from it were also interviewed. As such, in addition to their consent, 
3.5 Ethics of data collection 
 63 
parents/guardians were also consulted for approval to proceed with interviews, and a 
professional was present at all times. Signed consent was collected from all participants. 
All data collected was stored in a safe place without any unauthorised access.  
 
ii. On safety and security considerations: prior to departure, extensive risk assessments were 
carried out and this had very direct implications on the research. The initial states selected 
for the study were Kano and Lagos states. However, insecurity was a serious concern in 
Kano with increasing incidents of political/religious violence in the recent years, as well as 
reports of fatalities. As a result, Kano state was dropped and another was selected 
(Kaduna). However, this did not change the nature of the data collected or analysis per se 
because the two states shared many similarities. It was considered sufficient for research 
purposes to make reasonable comparisons between Kaduna and Lagos based on the 
indicators highlighted in Section 3.2 and Section 4.2.  
 
iii. Positionality: the researcher has had extensive experience in the local context having been 
a student in the Nigerian education system and worked on international development 
projects in the sector for years. All this provides a good foundation, and wide-ranging 
knowledge base through which to understand the culture, stakeholder behaviours, and 
interactions. As such, on most dimensions this research is conducted along stratifications 
of insider status and is based on reciprocal collaboration with local stakeholders. However, 
it is relevant to note that the researcher is a graduate student from an international 
institution returning to conduct research, while many participants were often overworked 
and underpaid government employees. This may have influenced how participants 
engaged with the study. Nonetheless, most of the people invited to participate were 
interested and willing to contribute their time and knowledge to this study. On the whole, 
this makes the research process a participatory and reflexive practice.  
 
The process of model design and building has been informed by two modelling frameworks 
(potential frameworks were reviewed in Chapter 2) and a detailed discussion of the model(s) 
developed for this research is provided will be provided in due course37. As such, this section will 
                                                 
37 In Chapter 7. 
3.6 Brief overview of the modelling framework 
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simply provide a general overview of basic concepts of agent-based modelling. The model is made 
up of three main components: agents, the environment, and rules. 
 
 Agents: the most commonly adopted definition of an agent is specified by a set of properties 
(Wooldridge and Jennings, 1995). Firstly, an agent is capable of autonomous activity that 
effects change in its own state and/or that of its surroundings. It can also interact with other 
agents (typically agents in the same network), act independently to pursue its own 
objectives, and ultimately, display adaptive behaviour based on the state of their 
neighbours and local environment. For this model, agents represent individuals (teachers, 
headteachers, school support officers, pupils), social groups (the community and schools), 
and institutions (Kaduna and Lagos state education boards).  
 
 Rules of behaviour  are also defined for the agents and the environment. These occur in three 
dimensions: agent to agent, agent to environment, and environment to environment. 
Accordingly, the system changes as a result of individual acts and behaviours (emergence). 
Through this framework, agents acquire information and adapt going through a rules-
based process. This allows the researcher to model a changing and adaptable interactive 
process.  
 
 The environment is responsible for maintaining the internal dynamics of the model. It 
comprises the laws that regulate the various elements of the simulated environment (e.g. 
the structure of the physical and social arrangements, access to resources or parts of the 
system) by combining the effects that influence each agent and applying those influences 
in discrete time-steps (Bandini, Manzoni and Vizzari, 2004). 
 
The stakeholders outlined above are represented as agents with specific attributes and behaviours. 
These behaviours produce changes in the system that affect other agent attributes, relationships, 
and the flow of resources. Using the structure developed by Mital, Moore and Llewellyn (2014), 
the ESSPIN model will be developed using a Discrete-Time Markov Chain (DTMC) stochastic 
model. The DTMC is a mathematical system that guides the transition of an agent from one step 
to another. It describes a sequence of possible events or states by providing a probability of the 
next event/state of an agent’s attributes (or relationships) based on the current state of said 
attributes or relationships. This method is one of the most common for general stochastic 
simulations in economic and financial systems. Considering the limitations of many of those 
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models, it is worthwhile to consider the validity of using this approach to study ESSPIN. The 
biggest critique of Markov chains is that changes occur solely on the present conditions without 
considering all previous states i.e. it is “memoryless”. This means that everything is possible in the 
next state (albeit with varying probabilities). In addition, because the parameters of such change 
are explicitly modelled, they can appear somewhat contrived (especially if implicit assumptions are 
not empirically grounded).  
 
However, the “chain” might be more accurately described as a network of interconnected states 
and in practice, the rules set out to guide changes in the model are applied in a forward chaining 
rules-based approach. Daron, Egorov and Sonin (2011) put forward path dependent arguments 
favouring DTMCs highlighting that the current state of an agent is a culmination of the decisions 
made at each point in time (which hinders or advances the attribute/relationship states)38. This 
means that processes do not progress towards a pre-determined equilibrium, but rather, there are 
several potential equilibria points (consistent with the principles of stochastic processes that even 
with similar starting conditions, there can be multiple outcomes). Hence, the nature of any 
equilibrium is partly dependent on the process of getting there, i.e. current structural 
configurations (over multiple time steps) condition future outcomes. One particular benefit of 
DTMCs is that it accounts for inherent randomness (an important feature in the evolution of a 
system) within the model. This captures the complexity of the real word, while providing enough 
structure and simplicity to explore the phenomena in the model. In summary, the application of 
DTMCs requires great care during the model building phase because model accuracy is critical to 
obtain valid results. Consequently, the judgement of the modeller is as significant a factor as the 
DTMC processes. A detailed description of model calibration, environmental specifications, input 
data and sensitivity analysis (including assumptions made to build the model) will also be presented 
in later chapters.39 
 
As outlined above, a combination of methods has been used to create a modelling and conceptual 
framework with which to study ESSPIN. Based on data from interviews and observations from 
the field, the behaviours of stakeholders are formally structured using a framework (Bennett, 
1976). In addition to this, a rules-based format provided a straight-forward means of gauging the 
rate and degree of change in the social system (drawn from Mital, Moore and Llewellyn, 2014). 
                                                 
38 Here path dependency is not used in the colloquial “history matters” usage. It refers to a narrower 
concept of economic processes. 
39 In Chapters 7 and 8.   
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The resultant model is a hybrid of two knowledge domains; the more formally complete and 
logically consistent quantitative models, and the formally incomplete and logically inconsistent 
qualitative models. Because subjective data is unavoidably prone to variation (and because the 
researcher often makes inferences), this research attempted to apply a formal, comprehensive 
reporting mechanism to “check” the data. Although this was unsuccessful, significant efforts were 
still made to ensure that different observations, processes and perspectives of stakeholders were 
considered. This represents one important aim of this research, in exploring the feasibility of 
utilising the complex systems approach (practically and conceptually), the “successful” integration 
of these two streams provides an architectural solution that can be applied to a variety of 
development-related questions (often referred to as “wicked” problems)40. 
 
There are many existing agent-based simulation libraries which provide structure for building a 
variety of model types. This means the model for this research does not have to be developed 
from scratch. Because many components of agent-based models are not context-specific, the 
researcher can focus more on theoretical and content specific aspects of the model rather than the 
programming knowledge required to build the simulation infrastructure (Tobias and Hofmann, 
2004). However, for researchers operating outside this domain, there is still a learning curve to 
become proficient in appropriately and efficiently using these tools. Accordingly, a set of criteria 
was established to select a suitable agent-based modelling toolkit. 
 
 Ease of use: this was a key criterion in selecting a modelling platform. As a researcher with 
limited programming experience, it was necessary to obtain the skills to develop the model 
and better understand the data. This dimension is also an important consideration for this 
research which explores the possibility of adopting such methods in a practical manner to 
implement development projects.  
 Compatibility and maintenance: the objective of the model necessarily informs the selection of 
a platform. The research approach and content should be able to transfer (be explained, 
                                                 
40 Ritchey (2013) describes wicked problems as unique, complex interdependent and adaptive problems 
with no true-or-false but rather for better or worse solutions. They are resistant to analysis and the choice 
of explanation often determines the problem’s resolution. The incomplete, contradictory nature of the 
problem also means there are constantly changing requirements to its solution. 
 
3.7 Survey of modelling platforms 
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adopted and coded) using the toolkit. It is an added advantage if the code can also be 
shared among a common set of generic software libraries. 
 Flexibility: for all toolkits, there is always a trade-off between ease of use and flexibility. 
Many of the platforms that incorporate ‘English-like’ commands (beginner-friendly 
toolkits) are often more constrained in terms of what they can achieve and the degree to 
which they can be scaled. However, as the complexity of the system being modelled 
increases, the model may ideally require complicated scripting languages and more time-
consuming coding processes. Therefore, it is for the researcher to find a balance between 
simulating the social system and computing capabilities.  
 Background support: as a relatively inexperienced programmer, the availability of support 
(manuals, tutorials and online communities) was important in successfully executing the 
model. Each model content is unique and so advice and solutions from other developers 
was an advantage in trouble-shooting challenging aspects of the code. 
 Potential for dissemination: this consideration is necessary for sharing the model and allowing 
other researchers to experiment with, and potentially extend the model in the long-term. 
In this space, it is very common for developers to build on existing models by changing 
the parameters and moving between platforms (mentioned above). This is harder with 
models that require specialised techniques.  
 
3.7.1 Selection of Netlogo 
Based on the above considerations, some potential toolkits were reviewed: Netlogo, RePast, 
Swarm and IntelliJ IDEA. These are popular platforms for building agent-based models and many 
papers have conducted surveys on them (Tobias and Hofmann, 2004; Abar et al., 2017). This 
section provides a general summary of the respective advantages and limitations to each of these 
platforms with regard to this research. 
 
Although these open-source toolkits fulfil many of the criteria described above, Netlogo 
(Wilensky, 1999) was selected because it provided the best fit/blend of these criteria. Developed 
by researchers at Northwestern University in the United States, it utilises a simplified programming 
language and provides an intuitive graphical interface that allows users to build, observe and use 
agent-based models. It was specifically designed as a learning tool and as such, users do not need 
to have prior knowledge of the complex details of standard programming languages to use this 
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software. Netlogo also provides an extensive set of documentation and tutorial materials which 
meets the needs of a learner with limited programming experience.  
 
In comparison, the other platforms also share a lot of similar features with Netlogo.  The Swarm 
toolkit (Langton et al., 1999) was designed to be used in multiple disciplines with a basic 
architecture that allows the user to simulate collections of concurrently interacting agents (just like 
Netlogo). In terms of scalability of the simulation, it is highly ranked (Abar et al. (2017). However, 
in comparison to Netlogo, the programming language requirements makes it a complex/hard 
package to execute. Within the context of this research, it was thus considered too advanced to 
operationalise and was not selected. Next is the Recursive Porous Simulation Toolkit – RePast 
(Collier, 2001) which builds on a Swarm-like framework and utilises graphic user interface control 
panels, and similar data collection abilities. In addition, it has strong Geographical Information 
Systems (GIS) features to simulate actual terrain. While this can be a valuable feature, it was 
unimportant for this research and was consequently considered an added complexity in building 
the model. The fourth toolkit considered was IntelliJ IDEA, an integrated development 
environment for building computer software. It is a flexible tool that allows the programmer to 
work in an array of languages – this also means the model can be developed to high specification 
and can scale very well. However, it requires a number of plugins, as well as working knowledge 
of python computer language.  
 
The major difference between Netlogo and the other toolkits (and a key deciding factor) was the 
coding language. To a large degree, the modelling capacity of each toolkit is closely tied to the 
language. Swarm and RePast are written in Java, and IntelliJ IDEA is in python. In contrast, 
Netlogo is written using Scala (a general-purpose programming language). It can be compiled into 
Java-byte code and is fully inter-operable with Java and other JVM codes. This scripting language 
is transferable but much easier to learn than Java. Because of this, it is categorised in the medium-
high level scalability/strength, but requires less model development effort (Abar et al., 2017). 
However, this relatively easy coding language imposes constraints on how the model can be 
constructed i.e. simulations run on existing built in component pieces.  In contrast, the other 
toolkits theoretically have no constraints on what can be modelled (it is purely dependent on the 
researchers programming abilities). This limitation was considered a reasonable trade-off; the 
fundamental needs of the model were met, and it scored highest on the primary criterion 
highlighted above. An added benefit of this selection is that successfully executing the model on a 
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relatively simple platform means this approach is a practically applicable strategy in long-term 
development planning. 
 
In conclusion, this research aims to explore the use of simulations in studying complex social 
systems in general, and the ESSPIN case-study in particular. Hence, Chapter 3 goes through the 
research design process, linking the research objectives to methodologies best suited to answering 
the questions posed by this thesis. Because this research is partly an exploration of a methodology 
(agent-based modelling of complex social systems), this Chapter necessarily covers the overall 
structure of the research, as well as a briefer overview of specific structure of the modelling 
process.41 In this context, methods that facilitated immersion in the context were adopted (key 
informant interviews and observation) to collection qualitative data (Stake, 1995; Yin, 2003; Baxter 
and Jack, 2008).  Social and behavioural theories from Bennett (1976) and Bharwani (2004) were 
identified as providing a useful template to re-structure the collected data through a knowledge 
engineering process. In addition, quantitative information on the implementation of ESSPIN 
provides a useful resource to validate the model. Ethical issues regarding this research (and 
pertaining to data) was discussed with guidance from the literature Madge (2007), Sumner (2009) 
and Corbridge (2015). After a survey of a range of modelling platforms, Netlogo (developed by 
Wilensky (1999)) was selected based on a set of criteria presented in Section 3.7 – these criteria tie 
closely to the research objectives regarding the practical applicability of this approach in the 
development sphere.  
 
By adopting a holistic approach to study ESSPIN, this research utilises a combination of methods 
which facilitate building agent-based models. This offers a practical means of analysing real world 
data and reducing disciplinary boundaries. One of the most unique features of such models is that 
it takes into account the emergent properties that arise from collective behaviours. Hence, with 
these models we can study how a system’s behaviour arises from and is linked to the characteristics 
and behaviours of its individual components. Agent-based models are particularly well suited to 
this analysis because they highlight decentralised decision making, self-organisation, local-global 
interactions and the effects of heterogeneity in the simulated system. The next chapter provides 
more information on ESSPIN as implemented in Lagos and Kaduna states.  
 
                                                 
41 More extensively discussed in Chapter 7. 
3.8 Summary 
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4. ESSPIN Case Study 
This chapter provides a detailed description and analysis of the case study programme. The 
Education Sector Support Programme in Nigeria (ESSPIN) has proven to be a practical choice 
for this research because it relates well to the complexity sciences approach of analysis, a major 
bedrock at the heart of this study. The programme’s approach is a multi-tiered and strategic 
attempt to raise education standards in Nigerian schools. It does this by focusing support on key 
elements that work together to deliver quality education – an integrated approach – rather than 
tackling problems in isolation (a basic principle in complexity analysis).  
 
Structurally, the first section of this chapter provides a brief overview of Education Sector Support 
programmes internationally to illustrate the context for how the design and implementation of 
such programmes varies between countries. The rest of the chapter focuses on the Education 
Support Programmes in the Nigerian context, and the selected states in particular. In selecting the 
states to study, two dimensions have been considered: (a) geo-political regions and; (b) educational 
indicators. A detailed description of Nigeria and its general education policies have been provided 
in Chapter 2 and as such, this section shall delve more deeply into the specific peculiarities of the 
two states being studied; Kaduna and Lagos. These states are good representatives of the 
significantly different characteristics of the north and south, as well as the disparate challenges they 
are dealing with.  
 
The use of structured programmes that can directly (or indirectly) support education systems is 
global. In this way, most, if not all countries have some version of an Education Support 
programme. What makes “Education Sector Support” programmes distinct is that they are 
typically international development initiatives backed by one or multiple donors. As implied, they 
are also almost always designed for developing country contexts i.e. to tackle or operate within 
weaker institutional structures. Geared towards improving the quality of basic education, these 
programmes have been notably implemented over the past decade in many African countries 
including Kenya, The Gambia, Zambia, Sierra Leone, and Uganda. While these programmes share 
many similarities with the Nigerian version (ESSPIN) (for example, they adopt a multi-tiered 
approach to support the sector), there are also many areas of divergence. In The Gambia there is 
a great deal of focus on revising the classroom curriculum (World Bank, 2018a), and in Kenya the 
programme incorporates post-primary education components to guide pupils into secondary 
4.1 Education Sector Support Programmes 
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schools, and then universities or technical, industrial, vocational and entrepreneurship training 
(TIVET) (World Bank, 2006). The programme in Sierra Leone emphasises emergency 
preparedness and response in the education system – in this context the programme had to be 
redeveloped as the country transitioned from a devastating health pandemic and economic 
collapse (Governement of Seirra Leone, 2018). In Zambia and Uganda, the programme has a 
strong technical assistance component which focuses on government budgeting in the sector to 
improve financial, data, human resource, and results management in education systems (Hedger et 
al., 2010; Global Partnership for Education, 2018).  
 
With so many education sector support programmes, it is useful to reiterate why ESSPIN has been 
chosen. ESSPIN is unique among others in that it has been designed specifically with the principles 
of complex systems to guide implementation (Sanni, 2015). The scale of the programme is also 
significant – it caters to a larger population than any of the other countries. Consequently, this 
research is deep-dive into the Nigerian (and selected states) context and it is beyond the scope of 
this study to examine other country programmes. Accordingly, the next section discusses the 
education landscape as it pertains to the two Nigerian states. 
 
ESSPIN has been implemented in six states to date, namely, Enugu, Jigawa, Kaduna, Kano, Kwara 
and Lagos states (covering about 25% of the national population). To limit the scope of this 
research, two out of the six states implementing the Programme have been selected for this analysis 
(Kaduna and Lagos states). Originally intended as a five-year programme, ESSPIN was extended 
to nine years (2008–2017). It was designed and funded by the UK (through the Department for 
International Development, DFID) and Nigerian governments, and jointly implemented to 
develop effective planning, financing and delivery systems in the education sector.42 With the long-
term goal of improving the quality of education children receive, the programme has impacted on 
over 16,000 public and non-government primary schools and approximately 13,300 teachers and 
5.5 million learners.  
 
                                                 
42 It is important to note that although the programme existed for almost a decade, it has only had a 
presence in most schools in the last four years. This is significant when considering the challenges of 
changing the dynamics of complex systems over different time scales.  
4.2 On the selected states 
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For this analysis, the two geo-political field sites selected are in the North West, and South West. 
Figure 4.1 below provides a useful snapshot across the country with the selected states highlighted.  
 
 
Figure 4.1 Literacy and numeracy distribution of children ages 5–16 
Source: Nigeria Education Data Survey (2015) 
 
Each region is made up of six or seven states that share similar cultures, ethnic groups and a 
common history. However, while political, economic and educational resources are often shared 
between these zones, challenges are not uniform across the two regions (as shown in the figure 
above). As such, ESSPIN is a strategic programme both in terms of its design, as well as the 
selected states in which it is operational. The education (and development) indicators in these 
states mean that improvements here would have a significant effect nationally and internationally. 
Consequently, development partners have tended to work to deliver outcomes in these areas. 
Section 3.2 provides a detailed rationale for selecting ESSPIN, as well as Lagos and Kaduna as the 
case study for this research. As a methodological exploration, the boundaries of this research are 
greatly defined by the tools of analysis, in addition to the time and resource constraints. Therefore, 
within these margins, a major priority for selecting the states was ensuring regional representation 
for comparative analysis. Lagos and Kaduna are both economically and socio-politically significant 
states in their respective regions, and they also reflect the regional disparities moving from 
Southern to Northern Nigeria. As a result, their demographic similarities make them ideally suited 
to further investigate the variation in educational indicators. 
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ESSPIN is delivered to schools through a structured intervention package called the School 
Improvement Programme (SIP) based on five main pillars aimed at strengthening and sustaining 
the quality and accessibility of basic education services. Specifically, it targets headteacher 
effectiveness, teacher competency, community engagement and inclusive practices, and school 
development planning and management. In terms of practical implementation in schools, this 
translates as training workshops for teachers and headteachers, and frequent school visits by state 
School Support Officers (SSOs) to monitor lessons, conduct professional development meetings, 
and review the school development activities. Structured lesson plans, instructional materials, and 
training to improve teachers’ subject knowledge and pedagogical skills are also provided to schools. 
For headteachers, academic leadership and school development planning support is included. The 
involvement of the community is also supported to form School Based Management Committees 
(SBMCs)43 which ensure inclusive practices are maintained and the satisfactory operation of their 
schools. Underpinning these school-based activities are a range of support services centred around 
targeted capacity development activities at the state level. The management and oversight of 
systems and processes that deliver basic education are also critical to the success of all the other 
pillars and complementary, parallel measures are also taken at the state government level. As such, 
support is provided to state governments for effective and frequent school data collection for 
planning and budgeting, organisational restructuring and capacity building for more efficient 
management, and building partnerships between Civil Society Organisations (CSOs) and the 
government.  
                                                 
43 To facilitate reading (and reduce the use of acronyms), school community will be used to replace this 
term. 
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Figure 4.2 ESSPIN’s model of state capacity development for school improvement 
Source: (Allsop et al., 2017) 
 
As illustrated in Figure 4.2, ESSPIN attempts to work both within (teaching and learning in 
classrooms) and outside schools (involving the communities and Civil Society Organisations) to 
support change and ensure that all stakeholders are better equipped to make informed decisions 
that can lead to desired outcomes. For operational purposes, ESSPIN structures its deliverables 
into four Output streams summarised below 
 Output 1 (Strengthened National Systems): ensuring federal institutions effectively 
support school improvement efforts by making national funds more easily available. It 
also includes the establishment of national systems and coordination with state systems 
to monitor school improvement. 
 Output 2 (Strengthened Institutional Capacity at State and Local Government 
levels): relating to the underpinning elements for the five pillars – improving the 
competency and skills of key personnel, effective planning and budgeting, increased fund 
allocation for school improvement, and improved collaboration with non-government 
stakeholders. 
 75 
 Output 3 (Improved School Quality): an integrated approach adopting parallel 
measures to improve the quality of state schools. Highlighted in the five pillars; 
headteacher effectiveness, teacher competency, functional School communities, adopting 
inclusive practices, and effective School Development Planning.  
 Output 4 (Community Engagement): leveraging and facilitating the support of Civil 
Society Organisations for more active community participation (and representation for 
marginalised groups) in school improvement. 
 
The five pillars constitute the SIP package and are considered the ‘irreducible minimum” i.e. all 
five components must be implemented for a school to be considered as participating in 
programme. Although initiated and piloted with DFID funds, the states took over the bulk of 
financial responsibilities two years into the programme and now pay for all SIP activities. This is 
consistent with sustainability considerations of state led ownership and governance.  
 
Through its operations, a great deal of data has been generated by ESSPIN on the general state of 
education across the country that have been a valuable resource for this research. A series of 
Composite Surveys monitoring the implementation, and results of the programme were produced 
by an external contractor, Oxford Policy Management and the Education Data, Research and 
Evaluation in Nigeria (EDOREN). Due to the scale of the case study and the time and resource 
constraints of this research, those sources have been central to understanding and analysing the 
impact of ESSPIN.  
 
4.2.1 Kaduna State 
In terms of the basic education landscape, Kaduna state has 23 Local Government districts with 
about 4,225 primary schools. ESSPIN began operations in Kaduna in 2009 with only selected 
components of the full SIP package being implemented (mainly strengthening teachers’ literacy 
and numeracy, and teaching skills). At that time, the pilot was only initiated in two districts 
(selected by the local government), a total of 165 schools for two years. By 2014, ESSPIN was 
rapidly being rolled out across the state and 26% of primary schools have benefitted from 
uninterrupted support for all pillars of Output 3 for at least one year (ESSPIN, 2015). Full scale 
delivery to all schools was achieved by 2016 and at that point, all schools had received at least one 
year of the full Output Stream 3 package. However, due to a lack of government funding, many 
of the schools that were early participants of the SIP did not continue to receive the full 
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intervention package in 2014/15. Unfortunately, the following year recorded an even worse 
performance with no school receiving the SIP package due to political upheavals which affected 
budgetary planning and approval. This staggered roll out process has meant that many schools 
have had different levels of exposure to, and implementation of ESSPIN, and thus, some mixed 
results. Table 4.1 provides a summary of the proportion of the SIP package received by schools.  
 
Table 4.1 Proportion of schools receiving the full Output Stream 3 interventions 
 
Source: Kaduna Composite Survey 3 Report (Bischler, 2017)44 
 
The table above shows the scale at which ESSPIN has been implemented, the duration, and 
intensity. The comparisons between groups are useful because it reflects the complexity of 
practical implementation, and driving change on the ground. After the efforts of the last eight 
years, there are now a range of schools that have received the full intervention package of Output 
Stream 3 for anywhere from one to four years, depending on which phase of the roll out they 
started participating. As a result, it is practical to group schools according to how long they have 
had the intervention package; this produces three intervention groups, the ‘minimum’ (one year), 
the medium (two years), and maximum (four years). Schools with no intervention serve as the 
control group. While it is difficult to conclusively determine the full impact or effects of ESSPIN, 
the Overall Composite Survey 3 (Cameron, 2017) provides a good overview of changes over time, 
and the differences between intervention groups. However, it is important to note some potentially 
confounding factors. In interpreting these results, the surveys highlight the possibility of informal 
spill-over effects (further discussed in the next section) between schools in different groups, as 
well as the extensive changes in school personnel across the state.  
 
In judging school quality, measures were centred on standards based on components of Output 
Stream 3; more than 50% teacher competency rate, headteacher effectiveness, school development 
                                                 
44  These are the Author’s calculations based on 2012/12 Annual School Census and intervention 
information provided by ESSPIN.  They are based on proportions relative to the total number of schools 
in the census and are not perfectly accurate – the number of schools change from year to year.  
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planning effectiveness, and SBMC functionality. To meet the school quality outcome standard, at 
least three of the four requirements must be fulfilled with teacher competency as a compulsory 
requirement.  
Table 4.2 Kaduna school quality (2012 to 2016) 
 
Source: Kaduna Composite Survey 3 (Bischler, 2017a)45  
 
Table 4.3 Kaduna school quality across different intervention groups (2012 to 2016) 
 
Source: Kaduna Composite Survey 3 (Bischler, 2017a) 
 
In Table 4.2, the key findings show that only 5% of schools met the standard school quality 
requirements, and less than 1% met the stricter version of that standard in 2016. It is of note that 
the teaching competency requirement was particularly hard to meet (less than 10% of teachers 
have high proficiency in numeracy and literacy). The implication of this particular result is quite 
profound when considering the theory of change proposed by ESSPIN. However, the results in 
Table 4.3 suggest that the longer schools have had the full intervention package, the more likely 
they are to meet the school quality standards (i.e. schools with the longest exposure to the SIP – 
max intervention groups) report the best results and vice versa). The Composite Survey also notes 
                                                 
45 The strict version of school quality take into account the results of teachers’ content knowledge tests 
which it had not in previous years. Here, they are required to score at least 50% in mathematics and English 
tests.  
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that there is some ambiguity in whether the quality differences in schools is due to the SIP 
interventions, or whether the changes can be attributed to other factors. This was inconclusively 
addressed when an examination of the differences between intervention groups showed that the 
results do not reach the level of being statistically significant (further discussed below).  
 
The aim of ESSPIN is to improve learning outcomes in public schools and as such, the 
fundamental question at the end of this programme is whether children are performing better or 
not, and whether any observed positive effects can be attributed to ESSPIN. To measure this, the 
Composite Surveys tested learners at two points (Grade 2 and Grade 4), on basic literacy and 
numeracy using IRT analysis46. The key outcomes showed that performance on all tests fluctuated 
over the four years the programme was implemented. However, overall, the general trend has 
declined, and all test scores worsened significantly since 2012. There was a period of improvement 
in 2014 when most of the test scores improved, before falling once again. This result perhaps 
reflects some significant occurrences in the state’s education system, most notably, the large and 
rapid increase in enrolment of children from disadvantaged backgrounds since the implementation 
of certain policies47, the drop in education spending for some of this period, and the poor results 
from teachers’ subject knowledge. Schools that have absorbed numerous children with limited 
resources have necessarily shown slower progress in delivering the same level of learning 
outcomes. In concluding this section, it is also important to highlight the high level of violence 
and insecurity in Kaduna during this period (Figure 4.3 and Table 4.4 below gives an overview). 
Since 2014, that there has been a downward trend, but the impact of the incidents has been 
significant. Many communities were displaced, populations were in flux, children were withdrawn 
from schools, and some schools were closed. It is fair to conclude that this has had adverse effects 
on education outcomes. 
                                                 
46 Item Response Theory (IRT) is a system of analysis which models the interaction of an examinee with 
the item.  
47 Further discussed in Chapter 5. 
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Figure 4.3 Incidents of socio-political violence (Nigeria and Kaduna, 1997-2015) 
Source: Armed Conflict Location & Events Data Project (ACLED), and CS3 (Bischler, 2017a) 
 
Table 4.4 Political violence in Kaduna – incidents and fatalities 
 
Source: Kaduna Composite Survey 3 (Bischler, 2017a) 
 
Figure 4.3 compares the number of incidents in Kaduna with the national average. The spike in 
2000 was due to religious riots. The undercurrents of tension from this period never completely 
dissipated and is in many ways connected to the surges in violence observed in the next decade. 
From 2010 onwards, the violence is tied to religious conflicts mainly (but not exclusively) occurring 
in the North Eastern region where a state of emergency has been declared in three states (Borno, 
Yobe and Adamawa). Violence reached a peak in 2012 with a slight decrease the following year 
and a bump in 2014. Table 4.4 disaggregates the data to more clearly show the scale of events and 
fatalities within the state. 2015 recorded the less events and fatalities than the previous year. In 
general, these reports show the extent of the lethargy in changing embedded systems of operations 
in order to move educational indicators forward. Even with the efforts of many stakeholders, the 
systems, processes and institutions are slow moving, and the financial responsibilities are 
staggering. This is not entirely unexpected when considering the scale of the challenges faced by 
the state. ESSPIN is operating in a difficult environment and all results are interpreted with an 
understanding of this context. Accordingly, it may be more realistic to have a long term (and 
perhaps generational) view when trying to shift complex systems in a different direction.  
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4.2.2 Lagos State 
With regards to the implementation of ESSPIN, Lagos has been relatively unique amongst other 
states. With 23 Local Government districts and 1,011 schools, it stands out with one of the smallest 
percentages of school age children attending public primary schools (about 30%). In fact, in 
absolute terms, its public schools have the fewest numbers of learners of all the ESSPIN states. 
As a result, the pilot for ESSPIN began in 2009/10 in 100 primary schools, accounting for 10% 
of the state’s total48 (significant when viewed in contrast to other states). Schools were selected 
from all six education districts for this phase and continued to receive the full package of Output 
Stream 3 till 2015/16 (there was some inconsistency in 2013/14 when teacher training was not 
provided). Table 4.5 shows that full scale coverage was achieved by 2012/13. It is also notable that 
by 2013, there were no control groups (all schools had benefitted from some aspect of the 
programme). 
 
Table 4.5 Proportion of schools receiving the full Output Stream 3 interventions 
 
Source: Lagos Composite Survey 3 Report (Bischler, 2017b)49 
 
In Lagos, ESSPIN proved to be very popular with the state government and was extended within 
two years of the pilot to all public schools. As such, direct comparisons with other states is difficult 
because the intervention groups are different – there are no schools with ‘minimum’ interventions 
as in Lagos). Tables 4.6 and 4.7 shows school quality in absolute terms as well as between 
intervention groups. 
 
 
 
 
 
                                                 
48 10% at the time. There has since been a slight expansion in the number of schools.  
49 These calculation are based on proportions relative to the total number of schools in the Annual School 
Census and are not perfectly accurate – the number of schools change from year to year.  
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Table 4.6 Lagos school quality (2012 to 2016) 
 
Source: Lagos Composite Survey 3 (Bischler, 2017b) 
 
Table 4.7 Lagos school quality across different intervention groups by 2016 
 
Source: Lagos Composite Survey 3 (Bischler, 2017b) 
 
The same criteria for school quality are applied here. Table 4.6 shows that at the conclusion of the 
programme in 2016, 37% of schools met the quality standard, and 35% met the stricter standard. 
The key findings in Lagos show that school quality has steadily and significantly increased since 
2012. In Table4.7, the Composite Surveys further estimate that one year of the full intervention 
by 2016 produced a rise of almost 8%50. Although most other states were negatively affected by 
the negative economic downtown in the last 3 years, there is strong evidence to indicate that 
funding to primary education has been fairly stable with favourable implications for the SIP roll 
out. This in part may be due to the presence of other donor agencies active in the state as well as 
private sector programmes. These may also account for synergistic benefits that nullified potential 
downturns, while enhancing ESSPIN’s effectiveness.  
 
                                                 
50 Although it was noted that this is not statistically significant. 
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In terms of learning outcomes, Lagos has also performed better than other states showing 
statistically significant improvements in test scores. Oddly, pupils in schools with fewer 
intervention years did not record lower results. All schools (even those in the ‘medium’ group) 
have had a similar rate of increase. As such it is likely that pre-existing characteristics of schools 
might account for differences. The most significant difference between the intervention groups 
appears to be based on proximity to government offices. Schools closest to government offices 
tended to be in the maximum groups and they benefitted from access to the power grid which 
likely had a positive effect in their learning environment. However, these same schools also tended 
to have higher enrolment rate, and fewer teaching and learning materials to go around. 
Interestingly, even with slight increases in school enrolment, the pupil to teacher ratio has generally 
been decreasing, a trend with positive implications51.  
 
Briefly, it is also necessary to consider the security situation in Lagos and how this might have 
affected the education sector and intervention programme.  Compared to Kaduna, the level of 
violence has been relatively low in recent years (see Figure 4.4 and Table 4.8). 
 
 
Figure 4.4 Incidents of political violence (Nigeria and Lagos, 1997-2015) 
Source: Armed Conflict Location & Events Data Project (ACLED), and Composite Survey 3  
(Bischler, 2017b) 
 
 
 
 
                                                 
51 This is an average calculation which likely conceals individual cases of overcrowding in some schools. 
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Table 4.8 Political violence in Lagos – incidents and fatalities 
 
Source: Lagos Composite Survey 3 (Bischler, 2017b) 
 
Figure 4.4 highlights that the incidents of political violence in Lagos are higher than the national 
average in the late 90s and early 2000s. This period marks the transition of power from military to 
democratic governments (Lagos was previously the capital of the nation).  In more recent years, 
Table 4.8 demonstrates that although political violence is rising, it is lower than the national 
average (and also lower  than Kaduna). As pertains to the education sector, the Composite Survey 
reports that the incidents of violence are not perceived to have interrupted or negatively affected 
the implementation of ESSPIN in the state 
 
The whole point of ESSPIN has been to contribute to a positive and sustainable change in the 
delivery of quality basic education services. It mainly acts indirectly and on multiple fronts to 
enable institutions by building capacity, and leveraging state (and national) resources to 
systemically improve access, equity, and quality. Consequently, a major concern of this research is 
whether this approach has measurably improved learning outcomes for the states in which 
ESSPIN operates. This concern is also ESSPIN’s self-defined yardstick of success. The crisis in 
the education sector has already been discussed at length (Chapter 2), and so the question in this 
section is: to what degree has ESSPIN been able to improve attainment rates in literary and 
numeracy within this context in the last four years?  
 
To determine this, it is informative to consider in conjunction the results from ESSPIN reports 
(which specifically focuses on its own schools), and the 2015 National Education Data Survey 
(which takes a more holistic view across states and the country). These reports have different 
scopes, and each has a different sampling approach. However, an important point of intersection 
between these reports is that both focus specifically on education without any of the multi-topic 
analysis common in other reports. They also both report on the same time frame. While at an 
aggregate level, they can offer insights into variations in the performance of states over time, at a 
micro-level, comparisons offer limited insights. Accordingly, Figures 4.5 to 4.8 below illustrate 
4.3 Learning outcomes: what does the data say? 
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informative (but not detailed) findings from each of these intensive studies. In both cases, pupils 
were tested on rudimentary literacy52 and numeracy53 skills.  
 
 
Figure 4.5 National literacy and numeracy rates among children 
Source: NEDS (2015) 
 
The NEDS report (2015) results in Figure 4.5 offers a good perspective in that its assessment has 
a fairly wide baseline – literacy is expanded to include the ability to read at least three words in any 
one of the three national languages (Hausa, Igbo or Yoruba). The discrepancy between Kaduna 
and Lagos is stark, with Lagos more than doubling the literacy and numeracy rates of Kaduna. The 
situation in Kaduna is particularly problematic with less than half the primary school age 
population literate and numerate. For a similar period, ESSPIN schools report comparable trends 
at specific Grade Levels 2 and 4 (shown in Figure 4.6).  
 
 
 
 
 
                                                 
52 Ability to read at least one of three words in English or one of the three national languages on a presented 
flashcard. 
53 Ability to sum a single digit addition problem. 
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Figure 4.6 ESSPIN numeracy and literacy scores for Grades 2 and 4 (2016) 
Source: Overall Composite Surveys 3 (Cameron et al., 2017)54 
 
While the NEDS paper covers the public and private spheres (irrespective of the whether the 
schools are implementing the SIP intervention package), ESSPIN reports have controlled for a set 
of schools and grade levels. However, the results shown in Figure 4.6 are consistent. Both surveys 
reflect similar learning outcomes; Lagos conclusively performs better in literacy and numeracy.  
 
To examine whether there have been any improvements over time, surveys conducted over the 
past five years are compared in Figure 4.7.  
 
 
Figure 4.7 Changes in literacy and numeracy in Kaduna and Lagos over time 
Source: NEDS (2010) and NEDS (2015) 
 
                                                 
54 Test scores here are based on IRT models of analysis which by design has an average (mean) score of 
500 with a standard deviation of 100. 
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There is a clear decline across the board with one minor exception (numeracy rates in Lagos). 
Literacy and numeracy rates have not only not improved, they appear to be getting worse. For the 
same period, ESSPIN similarly observes the following changes in Figure 4.8. 
 
 
 
Figure 4.8 Changes in literacy and numeracy in Grades 2 and 4 from 2012 to 2016 
Source: Adapted from Composite Surveys 3, Kaduna and Lagos (Bischler, 2017a, 2017b) 
 
It is useful to examine where these distinct surveys overlap, and where they depart. Looking at the 
results from Kaduna in the figure above, learning outcomes are declining over time for children 
in both grade levels, on literacy and numeracy indicators. However, closer scrutiny of the data 
shows that although the general comparison over time is a net negative, there has been a reversal 
from 2014 (the lowest point) to 2016. The start of this period (2014) coincides with a marked 
upward bump in enrolment rates in Kaduna. As a result, many crowded classrooms were even 
more overcrowded, with higher pupil to teacher ratios. This in turn likely put some downward 
pressure on learning outcomes. Accordingly, the lessons from this period will be useful in 
understanding the dynamics of the education system and how to better manage it (further 
discussed below).   
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In contrast, Lagos shows the opposite of Kaduna; literacy and numeracy improves at both grades 
at statistically significant levels. It is likely that the differences (improvements) ESSPIN reports are 
‘washed out’ when the data is aggregated with all primary schools (public and private) in the state. 
This may explain why positive results are not showing up in the NEDS reports i.e. ESSPIN schools 
provide education services to a very small proportion of primary school children in Lagos.55 
Consequently, the sampling choices of the surveys produce different results. However, these 
results become more interesting when the ESSPIN data is further disaggregated to study learning 
outcomes by grade level, year, and the number of years the ESSPIN intervention has been 
implemented in the schools. 
 
 
Figure 4.9 Learning outcomes by test, year and ESSPIN intervention years 
Source: Lagos Composite Survey 3 (Bischler, 2017b) 
 
Figure 4.9 above illustrates the improvements across grade levels, but also shows that the 
improvements have occurred regardless of the duration of the intervention, i.e. schools that have 
been participating in the SIP package for a longer period did not perform better than those with 
fewer years of participation. This was an unexpected development; it was assumed that schools 
with a longer exposure to the ESSPIN intervention would show higher impact and outcome 
measures. However, the rate of improvement was similar, and in some cases (numeracy at Grades 
2 and 4), the schools with three years of the intervention even outperformed those in the maximum 
                                                 
55 Chapter 5 discusses the significant effect of the thriving and large private education sector in Lagos at 
length. 
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intervention group. It would therefore be useful to estimate the effect of an added year of ESSPIN 
intervention in schools. To do this, the Composite Surveys utilised simple regression models based 
on continuous measurements and a cross sectional analysis of the years of full intervention in each 
school.  
 
In all cases, it is important to consider that by 2016, all public schools in Lagos had participated in 
ESSPIN for at least three years. Consequently, there are no control groups with which to make a 
direct comparison and draw clear conclusions on ESSPIN’s impact in the state. This means the 
differences between intervention groups is an important way of assessing the effect of ESSPIN’s 
and better understanding the observed variations. Looking at the change in learning outcomes, the 
schools in different intervention groups also have notable differences in background 
characteristics which better accounts for the differences in learning outcomes – rather than 
implementation (and duration) of the SIP package. Two possibilities were considered: 
1. Spill-over effects: In Lagos, public schools are organised into clusters, with eight to ten 
schools in close proximity to one another. As a result, it is common for the effects of 
individual components of the programme to “spill-over” into schools yet to receive the 
specific training. In fact, the programme is designed to facilitate this effect, i.e. teachers 
are expected to share or “step-down” any ESSPIN training they receive to their peers. In 
this way teachers can spread the techniques they have learnt in ways that could positively 
influence their peers (through formal and informal interactions). 
2. Pupil to teacher ratios: most of the schools in the maximum intervention group have 
the highest enrolment numbers. This has led to a higher ratio of pupils to teachers 
compared to other groups which might explain the lower test scores. In addition, these 
schools are also more likely to be under-resourced with insufficient seating and 
instructional materials. 
  
The Composite Surveys try to use statistical controls for these “confounding variables”, however, 
after controlling for pre-existing characteristics, the surveys still did not find any statistically 
significant effect of more years of ESSPIN intervention on learning outcomes in the state. 
Furthermore, Kaduna state also have similar variables and results; schools receiving more years of 
ESSPIN intervention did not perform better on a statistically significant level. What appears to 
have the biggest impact on learning outcomes is socio-economic status. This link between access 
to quality education and poverty has been extensively discussed in the literature review (Chapter 
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2). Consistently, the NEDS (2015) data show that children on the lowest economic rungs 
(frequently living in rural areas) have the lowest results, and slower improvement rates.  
 
  
Figure 4.10 National changes in literacy and numeracy rates by economic quintiles. 
Source: Nigeria Education Data Survey (2015) 
 
A close examination of the data (in Figure 4.10) shows that the greatest gains over time have 
tended to occur in the second, middle and fourth economic quintiles. In absolute and relative 
terms, the lowest improvement rates have tended to be at the extremes. Because economically 
disadvantaged pupils mostly occupy these lower quintiles, the ability to move pupils between 
performance bands is an important indicator to estimate improvement or worsening of education 
services in the states. To better determine how pupils in different economic quintiles are faring 
under ESSPIN, it is informative to look at the transition rate between these performance bands 
(see Figure 4.11 below).  
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Figure 4.11 Literacy and numeracy performance bands at Grades 2 and 4 in Kaduna and Lagos 
Source: Overall Composite Survey 3 (Cameron et al., 2017) 
* The higher Bands refer to the pupils who are performing better 
 
The data offer mixed results. Lagos has transitioned more pupils from the lowest bands to higher 
bands over time with the notable exception of performance at Grade 4 numeracy. The results 
coming out of Kaduna show that performance has worsened over time. This dramatic contrast is 
striking. In Lagos, most of the benefits of the SIP intervention appears to have gone to the lowest 
performing bands bumping them up to higher bands. In Kaduna, performance has deteriorated 
with more pupils lagging back to the lowest bands over time. This analysis offers an interesting 
inconsistency; ironically, Lagos which mainly serves the urban poor and rural dwellers (the lower 
quintiles) has achieved more success than Kaduna which provides education services to the vast 
majority of pupils (from all economic quintiles). It seems that the relatively strong concentration 
of poorer pupils in Lagos public schools may have allowed the state to directly infuse resources 
into underserved communities. This has also facilitated in transitioning more pupils from the 
lowest performing bands to higher brackets. In contrast, Kaduna public schools serve a wider mix 
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of children from different socio-economic backgrounds, even as the state has a significantly higher 
poverty rate than Lagos.  
 
To some degree, this illustrates some of the underlying conditions in Lagos that may have allowed 
learning outcomes to improve (Lagos is remarkable in that it is the only state among the six 
participating in ESSPIN to report strong positive trends associated with the programme). Here, 
the fact that ESSPIN has been taken to scale early in the process indicates a commitment from 
the government to budget for, and spend on education. It is also helpful that the state’s 
responsibility in this regard is alleviated by a flourishing private education sector. There are also 
other social factors that impact on Lagos’ success – the baseline for general literacy and numeracy 
in the population is higher than most, the poverty rate is lower, and quality education more 
accessible56. These are critical facts that set Lagos state apart from others.  In contrast, Kaduna 
state is more reflective of the national norm and there, learning outcomes have declined.  ESSPIN 
has not been implemented with the same consistency as in Lagos, and socio-political disruptions 
which directly impact on basic education have been more frequent.57 
 
Overall, these papers indicate that education trends are generally declining. Worryingly, this 
appears to be part of a larger national pattern from the past decade. The ESSPIN surveys have a 
narrow focus, looking very specifically at their own schools and this accounts for the more positive 
results (in some cases) compared to the national surveys. However, even ESSPIN shows that in 
Kaduna (and most other states), schools performed worse in 2016 than at the start of the SIP 
intervention package. Any attempts to analyse and understand these findings must consider the 
many underlying factors that have led to this point. From 2008 to 2010, prior to the 
implementation of ESSPIN, various surveys including the Monitoring Learning for Achievement 
(MLA) (Okpala, 2009), the Annual School Census (ASC Kaduna, 2017), and the Teacher 
Development Needs Assessments (EDOREN, 2012), were conducted to establish a baseline on 
primary education achievement in the states. Among other things, these surveys revealed a poorly 
trained and equipped teaching force, a lack of community engagement in schools, low learning 
outcomes, inconsistent or non-existent data, non-inclusive education practices, abysmal school 
infrastructure, and changing political administrations and priorities.   
                                                 
56 Parents and guardians have relative affordable choices between alternative schools and this has created a 
competitive education market – further discussed in Chapter 5 
57 Further discussed in Chapter 5. 
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At the official conclusion of this project (from a donor perspective), reviews of the programme 
span a wide range. While many of the stakeholders implementing ESSPIN cite important gains 
from the programme, most recognise that the scale of education crises requires a longer time-
frame, and more sustained intervention to reverse. ESSPIN was to play a role in initiating a bigger 
change. In 2016, ESSPIN produced a report critically investigating the reasons learning outcomes 
were still less than optimal (Ogbonna, 2016). It showed that schools in ESSPIN partner states are 
still exposed to conditions that make it difficult to translate SIP inputs into improved learning 
outcomes within this time-frame. The best explanation seems to be that there are significant 
contextual factors undermining efforts to shore up learning outcomes and some of these factors 
are explored and further discussed in the next chapter. However, the report concludes that the 
ESSPIN intervention is generally associated with higher test scores among learners. This 
observation has led many to note that ESSPIN may simply be slowing down the rate of decline 
rather than reversing it.  
 
This chapter utilises a range of surveys and reports produced by the state and federal governments, 
and donor agencies to assess learning outcomes in Lagos and Kaduna states. They come together 
to paint a complex picture of how states are performing, as well as the challenges of measuring 
outcomes when implementation of the intervention is so inconsistent. To conclude, it seems that 
the expectation that ESSPIN could single-handedly improve education outcomes was unrealistic. 
It has taken decades for the education system to deteriorate to the current state and the SIP 
intervention package has been inconsistently implemented for five years (a small amount of time 
in comparison). It is possible that if the programme continues to operate with increased and 
sustained investment, educational inputs and policy changes will translate into learning outcomes. 
However, there is no empirical evidence as to the optimal time-lag between inputs and outcomes. 
The reports discussed and findings from this section provide a detailed review of the 
implementation process, outputs, and measurable outcomes. As such they provide a good basis of 
information to understand the education system and go on to build the agent-based model because 
it serves as a check on the validity of the model developed in this research. Taken in conjunction 
with the interview material presented in the next few chapters, all this data is directly utilised to 
create the model environment, agent attributes, and rules of behaviour within the system. 
  
4.4 Summary 
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5. Interview Material 
This chapter discusses the recent and current socio-economic and political landscape of Kaduna 
and Lagos states. It aims to offer a local perspective with regards to the backdrop against which 
ESSPIN’s School Improvement Programme is implemented. Using information available through 
public records and interviews with key informants and other stakeholders (this includes teachers, 
school leaders, pupils, government officials, donor representatives, civil society organisations, 
community members, and government officials), this chapter sets the scene and illustrates the 
differences within and between the programme as implemented in each state.  The goal of this 
section is to provide a good understanding of the context, the main issues that have shaped the 
present state of the education sector (from the perspective of individuals on the ground), and how 
these issues have informed stakeholder decision making behaviours. A general overview of the 
variation across the country has been provided in Chapter 2 and Chapter 4 goes on to explain why 
Kaduna and Lagos have been selected for this case study. The impact of ESSPIN on the education 
sector so far has been discussed, as well as its implications for learning outcomes. Accordingly, 
this chapter shall focus on the stakeholders operationalising ESSPIN, their responsibilities, 
priorities, challenges and perceptions. It highlights many of the factors that have enhanced their 
activities, as well as those that inhibit success are directly discussed from the perspective of local 
stakeholders.  
  
As already discussed in the Methodology Chapter (Section 3.3.3), a select number of participants 
(five to ten) representing each state) were chosen to serve as key informants to build the model. 
Because the model is centred at the school level, the main criteria for selecting key informants was 
that they were active at this level, and that their school was participating in ESSPIN. For Lagos, 
there were two headteachers (two schools), two teachers (same school), and one School Support 
Officer (i.e. SSO, covering seven schools and training all the other key informants). With the 
exception of one teacher who possessed the minimum teaching qualification – a National 
Certificate of Education (NCE), all others had a bachelor’s degree. For Kaduna, one headteacher, 
three teachers (from two schools), and one school support officer (covering ten schools) 
participated as key informants. The headteacher, one teacher and the school support officer had a 
bachelor’s degree. The other teachers had NCEs. In both states, all key informants had spent at 
least 5 consecutive years in some capacity in the education sector and resided in their respective 
states for the most recent three years. 
5.1 Key Informants Interviews (KIIs) – profiles  
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These interviews/conversations were conducted over a two-year period (2016 to 2018). During 
this time, the states went through a lot of changes: ESSPIN as a project officially concluded in 
both, political administrations reversed and implemented new policies, and the economy has been 
volatile. The implications of these changes are further discussed in Section 5.2 within the context 
of each state. Inevitably however, while this research acknowledges that changes are constant, this 
analysis only incorporates additional changes beyond the fieldwork phase in a limited capacity due 
to time and resource constraints. Because of the extended time-frame for data collection, 
modelling and validation, it was also necessary that key informants were willing to engage with this 
project for a protracted period – it is thus highly likely that participants were more actively 
invested/interested in the programmes than the “average” teacher/headteacher/SSO. 
 
In addition, in line with the research ethics presented in Chapter 3, the identities of all participants 
are anonymised with different names and none of the schools or education districts visited are 
mentioned. 
 
The knowledge base provided by the key informants is consistent with the scale of analysis 
discussed in the methodology. All other participants provided secondary information to paint a 
bigger picture of the context. With regards to the model, agents can be represented as individuals 
or aggregate groups depending on the purpose of the model and granularity of the data. For this 
research, there is more emphasis on the individual agents in the school system. The behaviours of 
these agents are guided by heuristics – in this case, they are not elaborate calculations, but rather 
simple rules closely tied to the agent attributes. These heuristics were decided from conversations 
with the key informants about what was important to them. There are many potential factors that 
inform the decision making behaviours of individuals, and tied to this have also been multiple 
(nuanced) approaches to understanding, judging (and even privileging) certain dimensions over 
others i.e. moving beyond economic indicators as the central gauge of achievement (Sen, 1990, 
2008; Hirai, 2018, 2019). This study relies on how participants have presented their experiences, 
values, needs, priorities and challenges. It is not an exhaustive list and there are necessary trade-
offs between model complexity and accuracy. There are also slight variations across states; many 
agents differ in their attribute values, as well as the heuristics they use. These discussions revealed 
how local conditions generated some broad ‘rules of thumb’ which headteachers, teachers, School 
5.2 Heuristics 
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Support Officers and community members might use to inform decision-making. These broad 
areas are described and contextualised in the following section. 
 
5.2.1 Education policies and financing 
A big part of ESSPIN’s approach is engaging with state (and Federal) governments to generate, 
review and utilise evidence to inform education policies, planning, and finance decisions.  It is 
often the case that policy measures are strongly linked to budgetary allocations, many of which are 
in turn tied to campaign promises during election cycles. Over the last ten years, the national 
budgetary allocation to education fluctuated reaching its peak in 2015 (10.7%) and one of its lowest 
points in 2018 (7%) – a worrisome trajectory given the crippled state and standard of basic 
education in the country. At the state level, spending decisions are made by the Governor, 
education commissioners, and the heads of parastatal departments (discussed in Chapter 2). 
Through the capacity building component of the programme, ESSPIN works with these 
stakeholders to leverage resources and actively encourage states to implement the School 
Improvement Package (SIP) in all its public schools.   The specific decisions on what aspects (and 
consequently, what programmes) within the sector to fund is viewed as the most critical factor in 
the current state of education. Thus, this subsection focuses on the major education policies that 
have had an impact on the implementation of ESSPIN.  
 
a) The Universal Basic Education (UBE) policy 
Already discussed in Chapter 2, this section will only relate the purpose, implementation and 
funding mechanism of the policy as it pertains to the ESSPIN case study. Spurred by international 
efforts that would go on to establish the Millennium Development Goals, there was a great push 
for universal basic education in Nigeria in the late 1990s. By the end of that decade, the 
government had put in place the Universal Basic Education legislation, and subsequent 
programmes and commissions would be launched in the following years. However, since then, 
there have been significant efforts to roll back the idea of “free education” in many local and state 
government education districts for several reasons. 
 
First, it is important to understand the rational for the widespread implementation of the policy. 
Based on well-founded lessons from international case studies and best practices, the free 
education policy was introduced to reduce barriers to entry, thus encouraging higher enrolment 
and retention rates, and ultimately, eradicating illiteracy in the country. Many institutions and 
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systems were put in place to realise these goals and significant efforts were made to raise public 
awareness through social mobilisation campaigns across the country. However, the degree to 
which these efforts have been successful have created (or perhaps exposed) significant problems 
in the education system (already discussed in greater detail in Chapter 2).  Empirical data indicate 
that the state governments have taken on responsibilities on which they have been unable to 
deliver. Furthermore, the exponential population growth rate has put immense pressure on 
national coffers, overstretching already poor public service systems.  The poor quality of basic 
education in public schools have been attributed to the limited funds available to ensure that all 
the dimensions of education (from covering primary human resource costs and teacher training to 
infrastructure development) are sufficiently budgeted for and properly managed. However, while 
all states must deal with the rising costs, there has been great variation in the degree to which they 
have been able to cope.  
 
As previously explained (Section 4.2.1), the Kaduna context is characterised by a public schooling 
system barely coping with the provision of school services at the required scale. Unsurprisingly, 
the state education institutions – already buckling under the strain – have pushed back against the 
idea of a completely “free” education, contending that the policy and programme unfairly transfers 
overwhelming financial costs to the states. The state (and local government) is expected to cover 
all cost implications on the consumer side (such as school uniforms, learning materials, tuition 
fees), as well as expenses from the supplier side (paying teaching staff, building infrastructure etc.), 
an unfeasible demand considering the poor fiscal conditions. They also argue that shouldering all 
these burdens was not the intent of the policy. As noted by a retired official from the Universal 
Basic Education Board:  
 
What you always say from UBEC is that, education is free to the child, no child will be sent out of 
school because he cannot pay school fees or he cannot bring money or cannot pay any levy. But it 
is not completely free to the parent. At least the parents have a duty to feed their children. They have 
the duty to clothe their children. They have the duty to make sure that that children are mobilised 
to get to school. But when the government says, 'hands off', that is a problem. 
Amal, retired UBEC Senior Official 
 
Consequently, the current focus appears to be on redefining “free”. There are now attempts to 
encapsulate the many costs of providing education, and realistically consider practical ways of 
raising the necessary funds and clarifying responsibilities. Ironically, informal arrangement around 
cost sharing existed in many communities before and during the early stages of the free education 
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policy. This served to create a strong and important link between the communities, schools, and 
local education authorities. In a complex turn of events, the free education policy appears to have 
simultaneously reached out to engage communities in an inclusive way, while limiting their 
responsibilities with regards to financial obligations. In a bid to reverse this, state officials argue 
that it is necessary to establish accountability mechanisms between communities and the state. By 
paying for the education of children, a social contract in which communities can demand specific 
standards is created i.e. when communities do not contribute, they are left with whatever quality 
the state is able to provide. This comes back to entrenching a standard for the quality of education, 
which is at a critical point.  
 
They would say free education. Don't give one naira to your children.  Meanwhile, things are not 
provided in the schools, so the children are suffering. And the teachers will not use their money, 
use their salary. So, the man [community member] told me, he said "we were fooled, it started small 
and if we had attended to it at the time, I assure you that, it wouldn't get to this place". When I was 
there, the man sent for the community carpenter and asked him to estimate how much it was going 
to cost [to repair the roof of a classroom] and in two weeks they would fix everything. And that is 
what we have found out. 
Amal, retired UBEC Senior Official 
 
The challenge Kaduna state has now is that the state government said, “free education”. No parent, 
no committee, should contribute money. Meanwhile in the schools there is no chalk, there are no 
facilities. And so, they [Local Education Boards] are raising alarm, that look, why not allow the 
SBMCs58 to continue, because in one year alone they contributed 100 million. Government, they 
are, they are complimenting the effort. 
Ugo, UBEC Official 
 
The community used to participate in the 70s but now with the free education policy, everybody 
went to sleep. Now we can begin to see the result of that policy. Our sensitization talks are about 
“Government alone cannot do it”. We used to talk about “government school”, now it is “your 
school”. So, you have to take ownership of what belongs to you. If the schools are vandalized, you 
have a stake in it because your community will not be developed. We talk about the other side of 
why the community should see the reason to rally, be on board to support government so we 
improve basic education rather. We know we are there, but these are policies that have moved on. 
They are not static. 
Amara, ESSPIN HQ 
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This issue of community ownership of the schools is intricately tied to the free education policies. 
Many community representatives and UBEC officials agree that the withdrawal of community 
support to schools due to the policy has been damaging on the whole. This highlights an interesting 
juxtaposition between two important priorities: (i) reducing the (opportunity and real) costs of 
sending children to school, and (ii) ensuring communities remain engaged in contributing to the 
quality of education. However, there seems to be a consensus that for the education system to 
function effectively, the government and community must jointly shoulder the burden – it is not 
a case of either/or. With this understanding, the state and local government education authorities 
actively work to engage communities through the ESSPIN component of developing functional 
School communities. It is also reflected in the new state education board mantra: “Education for 
all is the responsibility of all.” 
 
Overall, it appears that the long-term implications of the policy were not thought through. It 
should have been reasonable to expect that: (a) enrolment rates would increase – indeed this was 
welcomed and often highlighted as a success, and (b) communities would not continue to take on 
the costly and recurrent maintenance responsibilities for schools. In some ways, this seems to link 
back to the pressure of meeting global targets (Nigeria has the unfortunate distinction of having 
the highest number of children out of school). While enrolment and retention numbers rise, the 
necessary increase in investment in the sector has not accompanied it, thus undercutting the actual 
value of basic education for all children in the system 
 
In contrast, the impact of the free education policy has been significantly different in Lagos 
compared to other states. With the initiation of ESSPIN, many facts regarding the provision of 
education in the state came to light. Most notably, Lagos is distinct in having a thriving private 
education sector which provides low cost schooling services to a majority of the population. These 
private, and often unregistered schools, cater to over 60% of school age children, greatly alleviating 
the pressure on the state to deliver universal coverage of basic education59. They offer competitive 
prices, and are a popular and affordable alternative schooling option to most of the state’s poor 
who have historically perceived government schools as subpar. As a result, there is a general 
expectation among parents/guardians that they pay for the education services provided. The effect 
of this expectation appears to have diminished the negative impact of the free education policy 
                                                 
59 This is a conservative estimate based on surveys, as well as other empirical studies (Tooley, Dixon and 
Olaniyan, 2005; DFID, 2014; SABER Country Report, 2015) 
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experienced in other states from the withdrawal of community financial support to schools. As 
highlighted by stakeholders in the state: 
 
We did a survey in 2012 and the results were stunning, shocked everyone. The evidence shows that 
they [Lagos state Government] are only spending all the money on 35% of primary age children. 
So, this informal sector has got over 15,000 [schools] and so that is where the missing 65% were, 
in this local primary school that is not registered.  And because they are not registered, they are not 
on the official school list of the state and so when the budget is allocated they don't get anything 
because they don’t exist. Not only do the schools not exist but the children who attend them also 
do not exist. It was quite scandalous, effectively, it [Lagos] was spending its education budget on 
just 35% of the kids. 
Amara, ESSPIN HQ 
 
The data revealed greater scope to better allocate resources and manage primary schools. 
Essentially, for the children enrolled in public schools, the resources can go a bit further in Lagos 
than it would in Kaduna. Furthermore, from an operational perspective, Lagos is better able to 
monitor all its schools – a small fraction of Kaduna state’s responsibilities. The State Universal 
Education Board (SUBEB) and local government are in the unique position of being directly 
responsible for only about 30% of school age children. This is a critical turning point with 
significant implications for the implementation of ESSPIN.  
 
Precisely because the state has fewer charges, it has been able to invest and provide some measure 
of improved education services leading to positive improvements in the public-school domain. 
Better and thorough data collection procedures have improved Education Management 
Information Systems (EMIS), there are more frequent training and professional development 
sessions for teachers and headteachers, and a faster and more comprehensive scaling out of 
ESSPIN. This has in turn made public schools appear more attractive to many communities. As 
explained by a state School Improvement Officer (SIO): 
 
Before, in our public schools, we don't have enough pupils. They have all run away in the name of 
private schools, saying that our public schools are not so good. But now, you can see that the 
numbers have definitely increased. That is the result of the training. As we train them, we tell them 
that they should involve the community people because that's where the candidate is coming 
forward to register. We tell them the importance of why you have to bring your children to public 
schools, that we have a new orientation whereby we train the teachers. The government has been 
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so magnanimous to put a lot of money, ESSPIN has put a lot of money into this programme and 
so we don’t allow it to lay in waste. 
Chidi, Lagos state SIO 
 
The combination of improvements in public schools and schooling opportunities provided by the 
private sector has allowed for meaningful progress in expanding access to basic education in Lagos. 
This is reflected in the state’s education statistics – it records one of the highest enrolment, 
attendance and gender parity rates across the country. However, it is important to note that even 
with the private sector, the Education Board officials highlight the lack of funds as a significant 
challenge to creating sustainable improvements to the state of education.   
 
We were using UBEC TPD60 fund to train teachers but that does not mean that that amount was 
enough. In the annual budget of the state, school improvement should have an allocation. Over 
the years they have been doing it but to what extent that has been actualised is difficult to determine 
at this stage, even the allocation. By the time they give you your envelope and you have to cut your 
budget to suit what is in your envelope, one of the first areas they cut into is the 
school improvement and so funding might be a very big challenge. 
Toni, ESSPIN Lagos state  
 
Yes and no [to sufficient funding from the government]. Yes, based on the allocation given us, but 
then the government cannot meet all our needs. So we prioritise. Depending on the programmes 
you have, funds are allocated. It is not on an equal basis; a department might have two or three 
[programmes] and another might not have one substantive programme. 
Lola, Lagos state SUBEB Official 
 
From the perspective of ESSPIN, the factors highlighted means that operations across the states 
have very different baselines, and thus different approaches and priorities with regards to fulfilling 
the promises of the free education policy. Beyond the state level, there are also specific funding 
mechanisms around the policy. At the federal government level, UBEC is the intervention body 
mandated to administer funds to the states as part of measures to standardise primary education. 
Through a “the matching grant” scheme, each state is expected to make a corresponding budgetary 
allocation to education which allows them to access an equivalent counterpart funding to 
education (discussed in greater detail in Chapter 2). While accessing these funds has been a 
challenge to many states across the federation, both Kaduna and Lagos have been consistent in 
                                                 
60 TPD – Teacher Professional Development 
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putting up their counterpart requirements in the recent years. There is enough evidence to suggest 
education is a political priority, and they have accordingly set aside the resources to act on it (albeit 
in different ways). ESSPIN reports on Kaduna and Lagos states show that their planning 
documents, budgetary allocations, and consequent spending patterns are generally well aligned. 
 
In addition to the matching grant scheme, UBEC also provides funds to all states through the 
Teacher Professional Development (TPD) fund. These funds are automatically delivered to states 
without any stipulations. Set up to address the substantial shortfall of competent teachers, the 
TPD fund is a measure that attempts to improve the effectiveness of practicing teachers. This 
fund has been greatly leveraged by ESSPIN as well as its successor, the Teacher Development 
Programme (TDP)61 and is aimed at addressing the deteriorating quality of education rather than 
enacting the free universal education policy. However, with the understanding that “no educational 
system can rise above the quality of its teachers” (National Policy on Education, 2004, p. 39), the 
fund has been set aside to advance the free education policy. Taken together, these funds have 
been complementary in tackling underlying issues of teacher/headteacher competency, improving 
working conditions of the teaching force, as well as serving specific state priorities within the 
sector.  
 
However, when considering how those funds have been invested relative to the scale of the 
education crisis, the long-term impact does not appear to be significantly reversing the worrying 
trend. The main differences between the two states mainly lies in the number of schools (and 
children) the states are directly responsible for. In this regard, the government officials tasked with 
implementing ESSPIN in Lagos seem better equipped to achieve universal coverage, 
operationalising the programme in all public schools primarily because they had fewer charges. In 
contrast, Kaduna greatly depends on the financial support of communities beyond the scope of 
inclusiveness issues, but rather, for the core purpose of providing basic education services.  
 
b) National Home Grown School Feeding Programme 
A major policy that continues to have a significant impact on ESSPIN is the National Home 
Grown School Feeding Programme (NHGSFP) launched in 2016 by the current administration. 
A social investment programme, it aims to tackle malnutrition and improve the health of school 
children by feeding over 24 million pupils (Schools and health, 2016). The SFP is not completely 
new and is a revival of attempts of an earlier administration (Obasanjo, 2005-2009) which never 
                                                 
61 A separate programme from TPD 
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progressed beyond the pilot phase. It is funded by cost sharing between the states and Federal 
Government and is implemented to varying degrees in seven states (it was initially piloted in 
eleven). Across the states, there have been media reports on the inadequacy (and poor 
implementation) of the SFP; its disproportionate coverage, negligible rations, costs to pupils and 
families, as well as adults depleting supplies intended for children (Agbeze, 2017). However, there 
have also been some positive reviews by news publications highlighting reduced absenteeism, 
higher retention rates and engagement in extracurricular activities, resulting in general goodwill 
towards the programme (Punch, 2017).62 
 
With billions spent on the SFP, it has been started, stopped and revived at various points over the 
last three years with mixed reviews in different states. The Kaduna state government invests 
heavily in this programme and has put in a considerable amount of effort in ensuring universal 
coverage. In contrast, the programme has been delayed in Lagos due to the poor environment; 
government officials contend that plans to ensure complete coverage and the school infrastructure 
are not satisfactory for the programme to run (Vanguard, 2015). Accordingly, the discussion on 
the SFP shall relate to its implementation in Kaduna state only, as it is not active in Lagos state. 
Amongst the government officials, there is support for the SFP. The increased attendance rate of 
pupils it produced was highlighted as a major success of the programme and has improved national 
statistics on issues of access and the number of children out of school. However, it was 
acknowledged that there was a significant challenge in managing the number of pupils this scheme 
attracted – higher pupil-teacher ratios, poor infrastructure, and insufficient instructional materials. 
Interestingly, this critical perspective which centres around the quality of education the children 
receive appeared to be a secondary concern. The programme’s apparent purpose was to address 
the more fundamental health challenges, the basis for the higher goal of improving learning 
outcomes. Essentially, without good health, education would be undermined. Accordingly, there 
is a strong emphasis on providing a social safety net for vulnerable children through the SFP 
platform. In highlighting the importance of this programme, incidents that spurred its 
development were related: 
 
 
                                                 
62 It is important to highlight that many countries have iterations of the School Feeding Programmes (SFPs) 
– for an example, see Jayaraman and Simroth (2015). However, this research is interested in its specific 
implications in Nigeria (indeed, Kaduna and Lagos states) and does not refer to other country experiences 
of the programme. Moreover, this investigation does not centre on SFP itself but rather, its larger impact 
on the education sector. 
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When I was a school headteacher, whenever it is time for break, you will see children from the less 
privileged hiding, some of them will just sit at the back of the door. You will see them sleeping 
while their counterparts are outside, those that are well fed, were outside playing. When we went 
out, we would buy food for them. If break time is not over, you will then see them joining their 
colleagues outside. That is why I’m sold on it. 
Haroun, Kaduna state SUBEB Official 
 
On the grounds of the high poverty rate and the consequent implications, the SFP attempts to 
address a very real and often ignored problem directly. In providing school meals, the state has 
bumped up enrolment rates, saved parents/guardians money, and reduced the number of children 
street hawking and begging. However, the sheer scale of numbers makes the logistics of 
implementation an incredibly complex endeavour. The success of the SFP is dependent on the 
prompt release of funds; an ongoing challenge. As per the purpose of the programme, good quality 
meals must be provided; the ability of the menu to meet certain standards has been challenged by 
many63. All these considerations have in turn prompted many other stakeholders to question the 
value of the programme in light of the state’s difficulty in delivering promised goals. To their credit, 
the Federal government appears to be aware of some of these challenges and have produced a 
report outlining steps to address them (NHGSF, 2017). However, one significant element that has 
emerged from the SFP are the economic opportunities afforded to the local suppliers and food 
vendors. This was mentioned as an indirect but important benefit beyond the education sector. As 
described below: 
 
With the introduction of the school feeding programme, our enrolment increased by almost 70% 
from less than a million to 1.6 million. And then another touch is this, the good aspect of it – they 
[rural women] who don't have any certificate to get a white-collar job, they have been empowered 
through this School Feeding Programme. Certain amount of money is being given to them on a 
weekly basis for them to go and feed the number of children they are feeding. Out of these, they 
make their own profit. 
Haroun, Kaduna state SUBEB Official 
 
As is often the case around government programmes and initiatives, micro-economies and systems 
have grown out of this scheme. Many vested interests that do not directly relate to learning 
                                                 
63 Kaduna state has made attempts to ensure meals are prepared in accordance with some health and safety 
standards however, there are various reports to the contrary (Agbeze, 2017).  
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outcomes have been introduced which now influence the existence of the programme. This 
becomes problematic when the benefits of the indirect effects become more valuable than the 
actual goal of school feeding itself (regardless of whether they are considered appropriate or 
misguided). In this case, it appears that the education sector is being called upon to deliver health 
targets, as well as create local economies.  While not a bad idea in principle, this approach appears 
to be inconsistently managed and greatly imbalanced. With no coherent strategy, the patchy 
implementation of the programme tends to direct valuable (and limited) resources into health 
problems without solving it.  
 
In contrast to the above stakeholder views, there are many others who perceive the SFP to be 
neither effective nor sustainable:  
 
Masses of state funding have gotten swept up into the school feeding programme and that’s just 
drained the state coffers which was in a bad enough state as it was. But its left no space for 
continuous professional school development of teachers and quality improvement which is really 
problematic. 
Amara, ESSPIN HQ 
 
One key aspect of the [SFP] mandate is the introduction of free feeding. We [government officials 
and ESSPIN representative] talked at length. I even had to consult our own documents – my 
international programme manager sent in some evidence on school feeding goals, problems, 
disadvantages and all that, which I forwarded to the Transition Committee. We made it very clear 
to them that school feeding is good, there is no doubt about it. But what is the aim of bringing 
children to school? Is the aim of bringing children to school to feed them and send them back 
home? The aim of bringing children to school is to give them some form of learning, to teach them 
and you expect them to have a better learning outcome. But that cannot happen when you don’t 
have teachers to teach those children. 
Ade, ESSPIN Lagos state 
 
The state’s ability to adequately cater for the increased numbers in dilapidated school structures 
was brought up: 
 
Within one term, the population of these twelve schools had increased by 69%. By the time I got 
to some of these schools, the children were so many in one class, all of them sitting on bare floors, 
no chairs. I mean, I’m talking of floors that, are very, what do I even call it? I don’t know how to 
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describe the floor. All the plastering has been removed, there is plenty of sand and dust. That’s 
where children are sitting.  
Ade, ESSPIN Lagos state 
 
The quality of the meals provided were also questioned: 
 
And what kind of feeding were we giving them? We were giving them I think, two biscuits and one 
sachet of this Ribena kind of drink because we didn’t want to cook food for them for fear of 
poisoning. True, many children came to school but after coming to school, what happened? They 
rush to school early in the morning but immediately food has been served and they finish, some 
of them will go back [home].  
Ade, ESSPIN Lagos state  
 
The lack of teachers, and inability of staff to cope was a recurring issue: 
 
Why were they doing that [leaving school early]? Because at that particular school, there were only 
two teachers. I got there and saw a school from primary one to six, there was only one headteacher 
and one other teacher… So, the children will be sitting on the floor, making a hell of noise, peeping 
through the window waiting for the food vendor to bring their food. They will take their food and 
many of the under-aged children in that same school could not be catered for. We could have put 
them in the ECCD [Early Child Care Development], this kindergarten, but there was no provision 
for that. No provision for teachers to even pick up on the senior ones. So, children will run to 
school and go home. 
Fara, ESSPIN Kaduna state 
 
Furthermore, the disruption to lessons and classroom activities was also highlighted by disgruntled 
teachers. As one notes: 
 
They introduced School Feeding Programme and after Maths or English class every morning, 
before you can do any other subject school feeding comes in after 9am. They will be there feeding 
them until after break time when the learners are supposed to be learning. What is going to be 
achieved? 
Sa’a, Kaduna state teacher 
 
Perceived as a well-intentioned but misplaced priority, the above stakeholders cite past iterations 
of the SFP highlighting its failures, and the absence of lessons learnt from that experience. This 
view is also reflected among the general public on social media platforms (the Facebook page of 
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the SFP offers an informative snapshot). From classroom observations, the time spent carrying 
out school feeding does appear to impose a cost on the lessons that are expected to take place. 
Whether this is balanced out by the benefits of a fed classroom is subjective. However, even 
though the value of the programme was greatly contested, ESSPIN still went to some lengths to 
support the state (in this case Kaduna), in its implementation of the SFP. This attitude is consistent 
with ESSPIN’s policy of working in line with the states’ objectives. Ultimately, each of these 
stakeholders come at the policy of school feeding from different perspectives and priorities. State 
representative appear to put short-term goals high on the agenda, while the teachers and ESSPIN 
view the long-term challenges to delivering learning outcomes.  
 
In general, School Feeding Programmes are a common scheme in many countries and as such, the 
Nigerian iteration has been of interest to other international donors. The World Bank has reviewed 
the Programme using a Systems Approach for Better Education Results (SABER) framework 
which rates school feeding schemes on a scale from latent, emerging, established to advanced. The 
SABER Country Report (2015) ranks Nigeria as relatively advanced with scope to improve 
monitoring and evaluation, and coordination between the agricultural and education sectors. This 
view does not appear to be reflected by DFID or ESSPIN, perhaps because of their priorities and 
ultimate goals (in the current fiscal environment, they make a compelling case against the SFP). 
Interestingly, SABER report acknowledges that to be most effective, school feeding should be 
coupled with quality education. Considering the clear challenges to the delivery of quality 
education in the state, ESSPIN’s perspective appears to be more cognisant of the short-comings 
of the heavy investment. 
 
c) A note on recent political events in Kaduna (November 2017) 
Following the fieldwork phase of this research, Kaduna conducted a state-wide review of primary 
school teachers that significantly impacted the sector. The state government administered a 
competence examination of Class Four teachers which had an over 65% failure rate. Following 
these results, the Governor announced that teachers scoring below 75% (the passing requirement) 
would be sacked, and consequently, 25,000 new teachers would be hired. The state government 
contends that hiring practices in the past were politicised, allowing underqualified and uninterested 
teachers to take on teaching positions. Indeed, there are grounds for this claim as demonstrated in 
various reports and studies that touch on teaching quality (Cameron et al., 2017).  
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Although sudden, it is consistent with the character of the current administration which has 
historically been prepared to follow through with radical reform programmes – the 
implementation of the SFP when many states have not is a testament to that. In a press conference 
early this year, the Governor stressed that ongoing reforms in the education sector would be 
sustained, highlighting that: 
 
They told us that we are going to lose the election if we continue with what we were doing but we 
said, it is better to lose the election because until we fix this problem, we do not have a future. 
Nobody should blame the federal government for poor education and healthcare, the state 
government should be blamed because it is the responsibility of the state. It is unfortunate that the 
products of public schools gave up on public schools. They have allowed unqualified people to be 
employed in public schools because their children are not part of these schools… We want to set 
a standard for our children in Kaduna state and there is no going back on our reforms. 
Governor El Rufai, March 2018. 
 
This shakeup was met with mixed reviews. There have been serious contentions by many 
education stakeholders on the nature of the examination, as well as the state’s actions. Across the 
country, there has been significant support for the upheaval in the sector. Teachers are often 
blamed for the poor performance of children and this has fuelled support for a sweeping reform 
programme. Many feel the state of education is at a tipping point and that drastic measures are 
called for, and thus, the state government has a unique window of opportunity if appropriate 
actions are taken. However, opponents of the state’s actions argue that the state is not addressing 
underlying institutional problems in the sector, and are instead prioritising and misallocating 
resources to programmes such as the SFP. In some cases, nefarious political motives are ascribed 
to the governor. Shortly after the teachers were sacked, the National Union of Teachers (NUT) 
called an indefinite strike which ended after the Governor agreed to give the teachers another 
opportunity to re-apply for their positions. In a further bid to mitigate the fall out, the state offered 
entrepreneurial training programmes to the fired teachers so they could find other income earning 
opportunities. This was received with dissatisfaction by the teachers.   
 
Interestingly, the Governor recently cited ESSPIN Reports on teacher quality as an important 
starting point that drew his attention to the scale of the teaching crises. While it appears that 
ESSPIN has clearly gained traction and a significant degree of credibility with high level decision 
makers, it is questionable whether the state’s actions are sufficient (or even appropriate) in dealing 
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with the teaching crises.64  By early 2018, almost 16,000 new teachers were recruited, a quarter of 
which were again sacked in the following weeks. The reason they were sacked: incompetence. This 
highlights the deep-rooted nature of the problem and raises the point that perhaps it is necessary 
to think further outside the box.  
 
5.2.2 Donor involvement 
The degree of continued donor engagement and support is a significant factor in the 
implementation of the project. The history of development aid within the education sector has 
already been discussed in Chapter 2. Within the context of this programme, DFID’s approach has 
undergone significant evolutions from predecessor programmes both in its implementation 
strategy, and stated goals. With ESSPIN, there has been a very deliberate shift away from the 
complete control over the implementation process via contracted experts. Rather, it has been 
designed so that donor presence is relatively limited and most of their work happens indirectly. 
Operationally speaking, DFID has no official presence in the state. The ESSPIN state offices are 
independent with contracted staff to work with the local stakeholders to implement the 
programme. This is a methodical attempt to foster an environment that allows external 
interventions to withdraw when the programme concludes without disrupting the structures and 
operations in place. This premise is also reflected in ESSPIN’s approach as described below: 
 
Although we have a very large team our work is only really active in the extent to which we can 
operate through states and CSOs who deliver the change through agencies at the school 
community levels. So, a lot of our work goes into developing the capacity of those states and Local 
Government organisations and CSOs who are themselves responsible for the interactions with 
teachers, headteachers, SMOs65 who deal with community access issues and SSOs who provide 
professional development to the critical staff who will be in schools. So, our work is very much 
dependent on what the states themselves do to limit how much we directly control. In a 
conventional project, we would engage experts who have trained a cadre of people who themselves 
are paid to go into schools to make things better. This is far removed from that. 
Amara, ESSPIN HQ 
 
                                                 
64 At this time, the ESSPIN office staff had transitioned into other programmes and it proved difficult to 
contact them to discuss the implications of this education reform on the programme.  
65 School Mobilisation Officers (SMOs) 
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By necessity, this approach relinquishes a lot of control over the implementation process, and by 
extension, achievement of the objectives set out. Accordingly, phases of ESSPIN are rolled out 
based on the states’ interest and ability. This approach has its challenges (discussed further below), 
but it has also allowed each state the flexibility to decide its priorities within dynamic political, 
economic and social environments. This approach is widely supported by most stakeholders who 
highlight the state driven nature of the project as critical to ensuring sustainability of the 
programme. Historically, donor projects attempting to reform state education systems have never 
been able to provide the resources to achieve sufficient scope without the state. As such, there 
appears to be a strong focus on preventing aid dependency or foisting an education programme 
and the programme has been designed to be embedded within, and working through state 
systems.66 To this end, while the overarching goal of improving learning outcomes is constant, 
many of the aims and targets evolved over the life cycle of ESSPIN. Rather than articulating 
specific targets, reports highlight measurable improvements in teaching quality, learning outcomes, 
community engagement and state management capacity. This is illustrated by descriptions of high 
ranking ESSPIN representatives: 
 
[There have been] enormous quantities of those [objectives] and they have continued to evolve 
and change over the life of the Programme because it’s been an adaptive process rather than a 
single blueprint. 
Fara, ESSPIN Kaduna state 
 
You [ESSPIN offices] are welcome to change the immediate results, tweak your [short-term] 
activities as long as they continue to be focused on delivering your outcomes and stated impact. It 
is recognising that there is a different combination of activities for delivering the same results or 
outcomes. 
Amara, ESSPIN HQ 
 
While this may be perceived as a vague approach with moving targets, it seems to offer ESSPIN 
state offices and government bodies some flexibility to adjust time-lines, inputs/outputs based on 
new developments on the ground. However, there is a bit more nuance to this approach – the 
traditional LFMs are still developed and significant efforts are made not to deviate from the stated 
purpose and goals. ESSPIN is free to manoeuvre within certain restrictions and this produces a 
                                                 
66 It is important to note that international consultants were nonetheless contracted to produce monitoring 
and evaluation studies throughout the duration of the project. These consultants periodically trained local 
government staff for data collection and analysis purposes at the start, mid and end points of ESSPIN.  
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compromise between the somewhat rigid accountability measures donors require and making 
adjustments to respond to the dynamism of local contexts. Furthermore, there is a strong emphasis 
that the programme is state-led, and as such, it must move at each state’s pace and responds to 
their needs (a primary sustainability consideration of the programme). In describing ESSPIN’s 
ability to adapt to the changing landscape, it was articulated:  
 
Goals haven’t changed. And that is because in project management terms, in logframe terms, 
goals67 cannot change actually. You would have to get ministerial approval to change the stated 
goals of the project. So that is a bit of an administrative constraint. Effectively the key message is 
that you can be flexible and adaptive and all that but not so adaptive that you are challenging your 
overall purpose or goal statement. 
Amara, ESSPIN HQ 
 
The challenge really is strengthening those state authorities to do a better job of their own remit, 
with that comes the great prize of sustainability and effectiveness at scale, but certainly, it’s never 
straight forward and as I said before it’s not linear. You don’t just have a smooth trajectory of 
improvement. Ever. So, we’ve developed what I would call a kind of principled pragmatism in our 
approach. 
Ade, ESSPIN Lagos state 
 
This underscores another fundamental matter that occurs in many if not most development 
projects – navigating the demands of donors, and the responsibility to deliver positive change to 
the programme recipients. What differentiates the relationship in this programme is the blurry 
demarcation of the conventional roles of the donor and recipient – here, the Nigerian government 
is fronting the bulk of the financial resources while the donors offer some technical support with 
limited monetary assistance. However, donor funds tend to come tied to requirements, that 
ESSPIN must nonetheless address: 
 
Donors (DFID) are very, very demanding. They have their agenda and they put money on the 
table. It is a case of constantly shifting goal posts and we are having to balance all of that with our 
second category of partners, the state government themselves who we are ultimately accountable 
to in terms of the changes we are trying to bring about. So with these two sets of partners whose 
two agendas are not always identical – it has been quite challenging while ensuring at the same time 
you don’t lose sight of the outcomes and impacts that as a program you are set up to help deliver. 
                                                 
67 In this case, goals appear to be qualitative aspirations e.g. improved performance of teachers rather than 
80% competency rate amongst teachers.  
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It sounds very neat but it is anything but... no two states are identical. Effectively, I don’t see 
ESSPIN as one big fat programme. I prefer to see it as six projects because each state is a project 
in its own right – different agendas, demands, pressures, different challenges, different people. 
Amara, ESSPIN HQ 
 
While some things change, many remain the same. The major point of departure for DFID here 
is a willingness to restructure the programme over time based on feedback from the ground. There 
have been two developments on this front; the first was the expansion of the teacher development 
component of ESSPIN into a project in its own right. After recognising the degree to which this 
aspect overstretched ESSPIN’s resources, the Teacher Development Programme (TDP) was set 
up to address the significant dearth of qualified and effective teachers in schools. In a synergistic 
twist, this programme has also become the de facto successor to ESSPIN at its conclusion. The 
second was establishing another project, Developing Effective Private Education in Nigeria 
(DEEPEN), in Lagos state to capture the higher number of pupils being served by the private 
sector. This approach has provided a more comprehensive coverage of basic education in both 
the public and private spheres.  
 
DFID has also veered from the more old-school management approaches in the way it runs its 
operations. It is traditional for donor agencies to have fixed term project lifecycles with managers 
and staff to implement the project to its conclusion upon which the team is dissolved. The main 
challenge with this approach is the long-term loss of institutional memory and sense of continuity 
between projects which typically operate in the same sector, amongst the same stakeholders.  With 
the initiation of ESSPIN, all the different projects (TDP and DEEPEN) in the education sector 
are integrated into sub-teams of one programme. The importance of this shift is two-fold: there is 
greater communication, and better coordination between the projects because they are 
programmatically and operationally tied. All projects are served by the same finance, human 
resources, and IT teams. This improves efficiency and allows projects to learn from each other 
and leverage resources (financial and technical). In addition, this strategy provides stability to team 
members beyond the life-cycle of one project – an important consideration for staff who prioritise 
job security and progression which many donor agencies tend to overlook.  
 
An important element to the dynamics of the stakeholder relationships is the insider-outsider 
nature of ESSPIN which is mainly staffed, managed and operated by Nigerians (albeit under an 
international company banner) with the backing (and clout) of an important international partner 
to the country. There is a good understanding of the state administrative and operational terrain, 
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as well as a great deal of emphasis on cooperating with the stakeholders tasked with implementing 
the programme under challenging conditions.  As a relatively independent body, ESSPIN attempts 
to balance the changing needs of the state, and often makes the case for states’ shifts in priorities 
and abilities to DFID. It frequently plays the role of state champion, justifying changes to 
schedules, extensions of activities, and expansion of the mandate as highlighted above. In 
managing the demands of DFID, a recurring difficulty articulated illustrates the complex and far-
reaching effects in international development; 
 
What we find really frustrating is when DFID is being high maintenance and starts talking about 
UK priorities and that becomes really challenging. So, what are you [DFID] doing here? What is 
your mandate in terms of international development? And again, we know that they are under 
pressure. Every year they struggle to protect the budget which has been set at 0.7%, and 
increasingly it is harder and harder to protect that. In recent years, the emergence of ISIS, the war 
in Syria and all that is eating into that budget. Because apparently, defence activities are funded 
from the same pot as international development. So, where you draw the line between international 
development and diplomacy actually becomes an issue and sometimes, diplomacy guys 
which includes the foreign and commonwealth office for example, command the budget at the 
expense of international development. And these are the types of challenges DFID has. They 
constantly change their ministers. 
Amara, ESSPIN HQ 
 
The various faux pas of visiting diplomats were also a real challenge in implementing the 
programme and there were problematic incidents related. This appeared to be a factor for the 
ESSPIN staff who through the fieldwork phase were perceived to have a personal stake and vested 
interest in the success of the programme. They were tasked with smoothing over relations where 
needed, moving the conversation forward, and standing up for the states’ interest. This was done 
with the understanding that nations have agendas, and it was important to consider how the 
programme fits into the larger picture of international aid, trade, and relations. However, the clear 
challenge of ESSPIN’s role was underscored: 
 
Some diplomats’ positions are more understandable, but the point is, these are the guys who shape 
DFID policy worldwide and love them or hate them, they call the shots. Before a programme can 
be launched in Nigeria or anywhere else, it has to be approved by whoever the minister is. And 
that is pressure on DFID. Ultimately, DFID is the civil service, how they realise their targets, what 
defines their in-country programme is us. So sometimes, we take a lot of flak and pressure from 
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them because they are under pressure from above and we are constantly having to absorb and 
make sense of it. It is a balancing act. 
Amara, ESSPIN HQ 
 
 
5.2.3 Sustainability considerations 
On another front, ESSPIN’s outsider role also puts them in a good position to facilitate 
relationships between groups that have historically been contentious – specifically, Civil Society 
Organisations (CSOs) and the government. Typically expected to occupy the space between 
communities and policymakers as facilitators, CSOs are often acting in the interest of communities 
to hold the government accountable for its actions and responsibilities. An unfortunate result of 
this is that many state governments have tended to view them as a threat to their administration’s 
agendas.  While not entirely without merit – many CSOs do indeed have affiliations that has 
sometimes meant they can be co-opted by political opponents with partisan motives – CSOs are 
nonetheless important advocates for civil liberties and rights.  
 
Within the context of ESSPIN, Civil Society Organisations were recognised as key stakeholders 
early on and these groups were incorporated into the programme’s theory and mechanisms of 
change. In the beginning Civil Society Organisations were contracted to deliver certain school 
improvement services in schools designated by the SUBEBs, and clear terms we set out to govern 
that relationship68. Consequently, in addition to the state and Local Governments, ESSPIN also 
explicitly integrates capacity building for CSOs, and has embedded them in the operations of the 
programme. As highlighted by ESSPIN: 
 
All the community engagement work that we have supported is undertaken in pairs of one CSO 
representative and one person from local government. We train them and build their capacity hand 
in hand, always as a pair, because then it draws on the complementary strengths of both. So, you’ve 
got the trust and the behavioural change, and also the authority, resources and scope that come 
from government. The starting position was that those two were at loggerheads, and I have to say 
that one of our biggest impacts has been forming genuine partnerships between those two camps, 
they are now like 50-60 NGOs who are contracted to work hand in hand with SMOs and that has 
                                                 
68 All participating CSOs are vetted through a due diligence process undertaken by a legal firm appointed 
for that purpose. Each has to meet minimum standards to be engaged. 
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proven to be a very effective model and that has been taken up by UBEC and rolled out across the 
rest of the country. 
Fara, ESSPIN Kaduna state 
 
The strongest point is the CSOs that they have, we have about 60 groups that we work with as 
partners across the state. SUBEB Lagos tend to have very good quality CSOs which is a useful 
point because the product of output four is about creating demand at community levels, and, the 
main mechanism for local community to support SBMC is through CSOs. So that works for them. 
Ade, ESSPIN Lagos state 
 
Their role is to engage, be the go between government and the communities but with a difference. 
I think that’s the first time ever Civil Society is talking with government on the same table in the 
area of education. I remember when I first met with the Civil Society Organisations and said, "you 
need to be walking alongside government" they thought it was them fighting government as usual. 
I said we are going to be doing this differently. We are not fighting, we're going to be holding hands 
and that’s how it is and so far, it’s been good, it’s been peaceful. At first when I told them, they 
laughed about it because they never thought it was going to happen. 
Ade, ESSPIN Lagos state 
 
Building this relationship has been a critical component of the programme and perhaps one of the 
major reasons ESSPIN has been able to scale to the degree it has. However, embedding the sense 
of priority for this programme in state governments dealing with multiple complex and sometimes 
competing interests is a continuous enterprise. Accordingly, in addition to having support from 
the Civil Society Organisations, ESSPIN has actively sought to encourage other donor 
programmes to invest in this same space. This is a core part of ESSPIN’s sustainability plan which 
centres around the idea of ‘responsible closure’ at all levels of the programme. It has meant 
working with state partners to set out core priorities, and then making sure that there are support 
systems in place for those activities to occur within a time-frame. Accordingly, ESSPIN engages 
with development programmes operating within a similar scope, tying in the goals and objectives 
of these programmes so that ESSPIN continues to move forward beyond this project lifespan. 
This has resulted in collaborations with other donor large scale programmes which DFID has also 
put money into e.g. UNICEF’s Girls Education Programme (GEP) and GPE’s Nigeria 
Partnership for Education (NIPEP). This highlights the multiple fronts investments are being 
made to ensure the continuity of the programme.  
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5.2.4 Community support for programme 
Although presented as a fairly new and innovative component of ESSPIN, communities have 
historically been a central support base for schools. One of the policy targets of the UBE is stated 
as: “Active involvement in and participation and eventual ownership of schools by local 
communities” (UBEC, 2019). As is often the case in such policies, the written plans are not always 
accompanied by decisions (or resources) to realise the intended aspirations. In fact, the early 
implementation of the UBE policy did not adequately prepare for the policy goals to be achieved, 
nor did it factor in how communities would react to the policy which varied greatly across the 
spectrum. The community factor appears to have had significant evolutions over time. Adeyemi 
(2011) demonstrates that communities and formal education institutions existed side by side and 
worked together even before government legislation and policies.  
 
Overall, the community engagement aspect of this policy has been regarded as a notable success 
across the states. However, the strong distinctions between Kaduna and Lagos from a socio-
cultural perspective characterise community-government relationships, and account for significant 
differences. Of interest are the points raised by stakeholders in Kaduna who criticise the early 
implementation of UBE as a misrepresentation. This is in part due to the publicity campaigns 
around the programme: as the government picking up the slack where it had fallen short. It was 
thus perceived to be a financial relief for communities that had taken on a lot of the government 
responsibilities in public schools. As noted by a senior UBEC official: 
 
We found out that most people that were my age went to community schools, which the 
community maybe built, collected a few teachers and asked the government to take over and they 
[the community] make input. If something is bad, maybe the roof is bad, they would say 'no, na our 
school' [sic]. They would quickly repair it before they would write to government. But when 
government took over schools, you would find that most of those things, the storm would destroy 
some part of the schools, they would not touch it until the wind has completely blown off the roof. 
So, we said look, we need to involve the communities. When the government provides furniture 
to the schools, in some schools – I was there – you would see that when people want to do parties 
they would go to the schools, bring out the chairs, use it for parties, in the process, destroy most 
of them. Nobody could say anything. Because of that no matter the effort of government all that 
infrastructure is not maintained, but when we brought in these people and they are part of it, you 
know that is different.  
Amal, retired UBEC Senior Official 
  
 116 
These observations illustrate some incongruence in the policy package and how it was 
operationalised early on. While it specifically intended to utilise existing community mechanisms, 
in some ways, the policy actually diminished it. However, there have been significant efforts to 
address this problem (already discussed in the UBE policy section above). The effect of this policy 
also reveals other complex stakeholder interactions. As already noted, the northern states have a 
vast majority of children out of school of which Kaduna accounted for almost half a million in 
2012 (estimates are significantly higher for 2018). Most of these children participate in the 
Islamiyya, Qur’anic and Tsangaya Education (IQTE) systems69, and the UBE policy was intended 
to draw this population into the public-school system. However, there has been slow adoption of 
public secular education in this region for the many reasons already discussed in Chapter 2.  
 
In Kaduna, these schools number in the thousands and far exceed the number of secular schooling 
systems. Furthermore, these schools are highly valued and trusted by communities. The integration 
of these religious schools with non-religious subjects has been a core part of ESSPIN’s strategy 
which focuses on two fronts: meeting the Education For All (EFA) targets, and, building trust 
between groups that have historically been inclined to be contentious. Accordingly, School Based 
Management Committees (SBMC) were established with a diverse group of representatives drawn 
from the community as a formalised structure through which schools, government and the 
community could interface.  The main role of the SBMC is to ensure that the schools are 
functioning as desired and to take relevant actions when it is not. Implicit in this is the 
responsibility to also raise funds to meet the school needs where and when possible. So far, there 
has been some recognition by stakeholders that ESSPIN has helped in reducing the community 
(and Civil Society Organisations) cynicism, and scepticism towards the government and vice versa.  
 
With regards to community engagement in school systems in Lagos, it also has unique problems 
due to the significant private sector presence in the basic education system. A religiously and 
culturally diverse state, Lagos does not have a large number of IQTE schools, and they do not 
account for a majority of the population as is the case in Kaduna. Furthermore, while schools do 
rely on financial support from the community to improve their facilities, Lagos does not appear 
to be as dependent on it as many of the other states. The clear area where community engagement 
has been most notable is with regards to the classroom attendance rates – a long standing problem 
of the coastline city as explained by a School Improvement Officer (SIO) below: 
                                                 
69 Tsangaya is the Hausa translation referring to a form of education based on Islamic moral teachings. It 
literally means “the Learning Centre” 
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The school was notorious for low attendance in the afternoon. Children would come to school in 
the morning but when it was around 10 O'clock, all the children disappear, especially boys. And 
we investigated and found out that was the time that the canoes that went on high seas to fish 
overnight arrived in the village. So, the children will rush there to help people pull their nets or 
help them pull their canoes out of the water, some of them would be in involved in sorting fishes 
and selling. And so they are taken away from school to make quick money. 
Chidi, SIO Lagos state 
 
To address this, ESSPIN engaged the School communities, utilising the community structures and 
dynamics to reverse this trend. Specifically, a voluntary “community police” was formed to 
monitor not just the children skipping class, but also those who were not going to school in the 
first place. Through a proactive approach, parents and guardians would patrol the community and 
return children to school (and in some cases fine their parents). The formation of these “police 
teams” was described: 
 
We asked them what they could suggest on how we can keep the children in the school. One parent 
stood up and raised his hands and said, "Can we not create community police?”. They will assign 
parents who will join that group voluntarily, every child that is found outside the classroom 
between the hours of 8 and 2 O'clock in the morning, should be “arrested” and taken to Baale’s70 
house and that the parents will be fined. And he volunteered himself as number one police because 
his house was very close to the ocean. He said he was always seeing them, they were always 
disturbing him. And he was thinking of how to get rid of them and from that place, but he 
volunteered to lead the crew. And the thing was successful. So as at that time, the population of 
the school was around thirty-eight. By two weeks after the inauguration of the Community Police, 
the population shot to about two hundred and forty. 
Chidi, SIO Lagos state 
 
Ultimately, the community role in Lagos appears to strongly centre around inclusivity issues and 
ensuring children of all backgrounds and abilities have access to a basic education. There appears 
to be a sense of collective community responsibility towards children accessing basic education 
which ESSPIN has facilitated and encouraged. In many cases, communities approach these 
challenges by attempting to remove entry barriers, and go further to try to understand the root of 
the problem: 
                                                 
70 Baale refers to community chief 
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They [the community] are participating actively in that. Ensuring that children that are found 
roaming in the streets are "arrested" in quote, they take them to the traditional ruler who will invite 
[sic] the parents – why are your children not going to school?. If they say it is because of 
school uniform or whatever, the school principal and committees have been very active, they will 
provide whatever is lacking and not allowing the ward to go to school and continue to monitor to 
ensure that those kids are really in the school. So, if the state did not support that they cannot 
function outside the backing of the state. It is because the state is already behind that increase in 
access, ensuring that out of school children reduce. So, it is working well in Lagos state. 
Chidi, SIO Lagos state 
 
5.2.4 A note on the national security crises: impact on education 
In the last few years, the security crises in the northern part of the country has begun to have direct 
effects on education and the implementation of ESSPIN in Kaduna, and some indirect effects in 
Lagos. The rise in conflict in this region has negatively affected pupil attendance rates, capacity 
development for teachers and headteachers, as well as long term School Development Plans 
(SDPs). Incidents of school attacks are frequently reported, and, in some cases, whole 
communities have been displaced. In a morbid turn of events, schools have even become specific 
targets, a particularly devastating predicament because of the long-term ripple effects of a 
population without access to education. As a result, many parents/guardians across the region are 
withdrawing their children/wards from schools which are perceived to be unsafe, and 
communities are suffering a high level of trauma and fear associated with attacks and kidnappings 
in school environments. 
 
While none of the schools visited had been directly impacted by the violence, many were dealing 
with an influx of pupils from other schools (and states) which are less secure. Out of necessity, a 
significant number of internally displaced populations have moved, and Kaduna and Lagos are 
some of the states absorbing these communities. The biggest challenge highlighted by stakeholders 
was the difficulty in long term budgeting and planning in a resource constrained sector. 
Furthermore, data on these population is often inconsistent and incomplete. Without data, it is 
impossible to govern properly, or allocate where resources need to be directed. In fact, there is no 
chance to adequately plan or manage the upsurge of children entering the public education system.  
Kaduna in particular is dealing with intense over-crowding in classrooms and lesson disruptions; 
more of the displaced population are temporarily in Kaduna due to its geographic proximity and 
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cultural similarity to the emergency states. In Lagos, one interesting observation was the increasing 
presence of IQTE schools (still a small fraction of non-religious public schools).  
 
Overall, because data management with these moving populations has been poor, there are 
growing concerns about the disruption this will cause to the stretched education service providers. 
It should be expected that the implications of the security crises are complex and far reaching. At 
the moment, the impact in Kaduna appears to be more significant than in Lagos, however, it is 
impossible to fully comprehend how an increase in IQTE schools in Lagos might alter or influence 
the dynamics of the educational system.  
 
5.2.5 Goals of headteachers and teachers 
As already discussed, the model is based on the perspective of two main stakeholders: the 
headteacher and teacher. To understand the decision-making behaviour of these groups, it is 
important to explain their goals, motivations and make sense of what this means within the context 
of ESSPIN. Here are the responses given when they were asked to talk about their goals: 
 
As a teacher, my goal and objectives should be that by the time I give out, those children should 
be able to understand and give me back, add their own words so that I see the understanding in 
them… not just me pouring it out. At the end of this thing, you ask questions, no positive 
response… 
Sarah, Lagos state teacher 
 
My own is just to impart knowledge to these children. To make sure that they come out like myself. 
Because I believe I’m good, yes… Anywhere they go, they see you, they know that this is our 
teacher… they will appreciate you. 
Ola, Kaduna state headteacher 
 
The only thing that gives us joy and motivation is the learners. As a teacher, when you are teaching 
these children and they are capturing all you are doing. That is the only thing that keeps us going. 
If you focus on the salary, you will not do the work. As a teacher you are still collecting NGN31-
32k71, does that tally with any standard practice anywhere, in any profession? It doesn't! And it is 
not even paid on time. Like this very meagre salary, my salary is paid on 10th of this April72, that 
                                                 
71 Nigerian Naira (NGN) 
72 Teachers’ salaries are generally paid at the end of the month 
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delay alone, only God knows how many loans they have collected within that period. You only 
think of the learner. 
Sani, Kaduna state teacher 
 
These statements highlight a number of issues; their dissatisfaction with the current learning 
environment, the incredible workload, the poor remuneration and absence of incentives, and in 
one poignant case, their perception of how the children’s performance reflects on them. As 
described in Chapters 2 and 4, the conditions around recruiting, managing and deploying effective 
teachers and headteachers are incredibly challenging and many of these deeply embedded 
structural problems were reflected in the interviews. The question of why teachers continue to 
remain in such a challenging environment was a recurring one during the interviews. It appears to 
boil down to two reasons (not necessarily mutually exclusive): they have no other real alternatives, 
or, they feel that teaching is a calling. How these reasons impact on the decision-making behaviour 
of stakeholders in the education sector is further discussed in the next section.  
 
To determine what is important to teachers and headteachers, all the relevant participants were 
asked to rank their objectives in terms of their priorities in interviews. In Figures 5.1 and 5.2 below, 
the main priorities have been summarised into five general categories: (1) creating an inclusive 
learning environment refers to how teaching occurs in the classrooms (this focuses on pedagogical 
skills/ knowledge content – the same criteria ESSPIN uses to define competence, as well as 
learning facilities); (2) their long term professional growth and development prospects; (3) school 
administration activities (the trainings they have to undertake, participating in data collection etc.); 
(4) raising funds for their schools; and (5) engaging with parents and communities. While all these 
priorities are tied and ideally build on each other, it is useful to consider how much time is 
dedicated to each, and furthermore what inputs are regarded as important to deliver results.  
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Figure 5.1 Relative rankings of teachers’ priorities and time spent 
 
 
Figure 5.2 Relative rankings of headteachers’ priorities and time spent 
 
All their priorities appear to be well aligned and consistent with Output Stream 3. However, it is 
interesting to compare these priorities with the time spent on activities associated with each. The 
figures above highlight the more time-consuming activities for teachers and headteachers are not 
necessarily considered the most important to them.73 While they all identified improved learning 
outcomes in their classrooms as the ultimate goal, in practical terms, the activities they ranked as 
high priorities offers some insights into what they believe will yield those outcomes. The most 
highly ranked priority was “to create an inclusive learning environment” followed by 
                                                 
73 This is a useful point for the modelling process in Chapters 7 and 8. 
0 5 10 15 20 25 30 35 40
Creating an inclusive learning environment for
pupils
Professional development opportunities for
teachers
Pupils performance
School administration activities (data
collection, running assembly etc)
Other priority
Time spent Ranking
0 5 10 15 20 25 30 35 40
Creating an inclusive learning
environment for pupils
Teachers' performance and professional
development
Community engagement
Raising funds and managing school
finances
School administration activities (data
collection, running assembly etc)
Time spent Ranking
n =19 
n =10 
 122 
“opportunities for professional growth and development”. From conversing with these key 
informants, it was clear that the children come first. However, while they want pupils to have a 
good learning environment, they often feel that they are not equipped or motivated to do so. This 
was especially true in Kaduna where feelings of discontent were more strongly voiced: 
 
First, the environment is one of the big challenges that we have. It is not conducive to teaching 
and learning. Two, absence of welfare, salary is not paid and what is paid is meagre… but what 
I mean by the environment is not conducive is that, one, most of the schools are sited in a locality 
where outside they are doing mechanical work. So, the students are supposed to be listening to 
what the teacher is teaching in the class, but they are listening to what is happening outside. This 
does not give us the actual result we need. That is one aspect. The second aspect, the community 
where the school is situated is supposed to have some kind of SBMC, they are supposed to help 
us with the community, facilitate and create connections. The community is not giving the SBMC 
the required back up. They are just doing it haphazardly. That is not the way it is supposed to be. 
Thirdly, the parents are supposed to provide notebooks for the learners so that they can use it for 
whatever we impart on them. Some parents are just giving their child one book to go to school for 
Maths, English, all the subjects! And there is nothing we can do about it. If you send their children 
away they come back and harass and attack you. So that makes the environment not conducive. 
Not much cooperation between the community and schools. 
Sani, Kaduna state teacher 
 
In my classroom the difficulty is that there is no available teaching materials. The SBMC provide 
some but it is not enough for us… The parents of the pupils also make things difficult. They don’t 
cooperate with us. If we give pupils homework, majority of the pupils will not do it at home and 
the parents don’t help their children with revision. 
Hawa, Kaduna state teacher  
 
Sensitising the parents more [is a challenge]. The school alone cannot manage the learners. When 
the teachers and managers of school play their role, parents must also collaborate and cooperate 
to ensure that what children learn in school continues at home and they can support fully. They 
[the children] should have writing materials, read their homework, be supported in all areas. They 
have to be sensitised on that and that is the aspect I can say that when we are trying to help learners 
and if parents are not supporting, learners will not take it seriously 
John, Lagos state headteacher 
 
This highlights the multiple ways teachers feel undercut in their attempts to improve learning 
outcomes. The impact on teachers’ motivation is significant and has a direct consequence on 
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attempts to sustain the effects of any intervention in the system. In early interviews, many teachers 
reported being motivated to “some degree”, and in further conversations, they explain that they 
“have to be optimistic” that things will improve. In particular, one teacher highlights that 
intervention programmes are designed to improve things gradually, and that it will take time for 
people to adapt and welcome changes. When asked what the teacher’s role is in facilitating these 
changes, the response was. 
 
My share out of 100% is just 5%. Whenever we meet with the parents, my own is to keep 
motivating them, telling them it is good. The children too we make sure they understand that the 
community they have is their own and if they learn it is for their own good. My own is to continue 
to teach, impart and direct. We cannot change everything but at least we can contribute our own 
quota and give advice. If everything is alright, the teaching and learning will be at least 90% if not 
100%. 
Sani, Kaduna state teacher 
 
To better understand how teachers and headteachers cope and go on to maintain the behaviours 
directed towards fulfilling their goals in this environment, they were asked why they continue to 
remain in the profession: 
 
Personally, this is what I love doing because I do so many other things. I write textbooks I am 
trying to publish so I can make some money from them. I am not in the system because of money. 
But I have a family, and I need a livelihood to take care of them. Although I love this job if I get a 
better job than this I will leave. Because if your work cannot meet your needs, I don’t think there 
is any reason to remain a teacher. Truly. 
Sani, Kaduna state teacher 
 
Or simply put: “I exercise patience for the sake of the children” (Hawa, Kaduna teacher) 
 
In response to whether they felt they had any power to make changes in the system: 
 
Not really. Do I think I will I still be a teacher in 5 years? Yes. I want to remain as a teacher. I enjoy 
it. I will just hope that the government will change the system of primary school education. Pay 
the teachers on time. And provide learning materials to schools. 
Sarah, Lagos state teacher 
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While the passion clearly exists for some, they have often said they would be comfortable shifting 
to outside opportunities that offer more remuneration. However, these opportunities were still 
within the education sector and the interest in still being a teacher remained:  
 
I can do teaching as a part time course, because the passion for teaching is still there. Because that 
is what I love doing. Then the aspect of making my livelihood is taken care of and teaching can be 
part of the time. But I don’t want to put all my eggs in one basket because the work of teaching in 
Nigeria is not lucrative. 
Sani, Kaduna state teacher 
 
ESSPIN has also attempted to measure teachers’ motivation on scales of satisfaction, skills, 
engagement, and collegiality. Unsurprisingly, results from that more comprehensive survey clearly 
shows that teachers (both those participating in ESSPIN and those who are not) are not motivated 
or engaged. The results illustrate the complexity of developing a theory of change that can translate 
into real education outcomes. The premise of this intervention is based on a key set of assumptions 
that the sustained and comprehensive implementation of ESSPIN’s SIP will yield improved 
learning outcomes. It is important to question this premise (as was done in Chapter 4). In the 
Nigerian context, most stakeholders understand that ideal conditions do not exist and that the SIP 
is not being implemented consistently. Taken in its entirety, it is an expensive package many states 
cannot always afford to take to scale. And so, it becomes important to determine the minimum 
requirements that could deliver changes with some long term positive impact. To this end, 
stakeholders have agreed to a set of activities identified as the “irreducible minimum” intervention:  
 
We have to be pragmatic in terms of the affordability question and what we have gotten to as a 
compromise is that within the package, we have what we call the irreducible minimum. That is a 
combination of effective headteachers, competent teachers and functional SBMCs and we are 
suggesting that they need to have all these three in place for the intervention to be labelled the 
ESSPIN school improvement model. Anything less than that becomes single stream interventions 
which as you know historically in Nigeria has not worked. 
Ade, ESSPIN HQ 
  
This irreducible minimum package consists of the same criteria established for defining quality 
schools. It includes standards of teacher competence (test score threshold for literary and 
numeracy must be met), headteacher effectiveness, school development planning, and SBMC 
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functionality. The degree to which this has been successful has been discussed using cross sectional 
analysis in Chapter 4, and will be studied using the model.74  
 
5.2.6 Perception of ESSPIN and influence of peers 
To better understand how the limitations of the teaching environment shapes decision making 
behaviours (as well as to inform the calibration of agent attributes), key informants were asked 
about their opinions of the intervention and their interactions with each other. 
 
During interviews one important intersection of these two elements emerged; the training 
component. Here, teachers and headteachers are provided with the practical skills necessary to 
implement the SIP intervention package. The mechanisms of operationalising the teacher training 
component of ESSPIN is based on a system of cascading training processes – a master trainer 
(SSIT and/or CSO) carries out capacity development sessions with school support officers who 
then go on to train a select number of teachers/headteachers in schools. These teachers are 
expected to formally share these pedagogical techniques and subject knowledge to the rest of their 
colleagues in a “stepping down” process. The next link in this cycle is the SSOs periodic visits to 
classrooms to observe lessons, speak with teachers, and offer feedback (and re-training as 
required). However, while they were supportive of the training, many of the teachers who served 
as key informants in Kaduna were yet to benefit from this (un)official training throughout their 
tenure. 
 
I have never been called, and then somebody [a teacher] stepped down any instruction to me in 
my years of service. As far as ESSPIN, they [the teachers] are supposed to step down to us what 
they are taught but they only keep to themselves after they report to the headteacher. I was not 
part of it [the training] but I asked to attend. I attended one of their programmes twice. A workshop 
on Lesson Plans and the other one was taught on how to use instructional materials. It [the training] 
is very useful. The method of applying teaching is good… But they need to do more in the sense 
that if you look at the system completely, there are only 2 to 3 people [per school] participating. 
Very few of us have had the opportunity to participate. I don't know, maybe the fault is on the 
government and not ESSPIN itself, but at least a large number of people should be involved. 
Sani, Kaduna state teacher 
 
                                                 
74 In Chapter 7. 
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In response to whether there was any responsibility to help colleagues improve their competency 
by sharing lessons learned from workshops:  
  
Yes, but only to my fellow class teachers not the whole school because I went on my own, nobody 
invited me. Those people who are in charge they didn’t step it down. Those people they are 
choosing from the school are not stepping down. I went on my own and afterwards, I shared it 
with my fellow teachers. 
Sani, Kaduna state teacher 
 
In contrast, Lagos seems to have had a more successful approach: 
 
Lagos is fine in that aspect, here teachers are trained well and often. I commend the Lagos state 
government for that, teachers cannot complain about training at all. We have meetings 3 times in 
a term for professional development. In the school we gather, one person is chosen to be the 
facilitator, others contribute and we talk about problems in line with what we receive outside the 
school. 
John, Lagos state headteacher 
 
It appears that the stepping down process is more likely to occur when there is already a good pre-
existing relationship between teaching colleagues. When there is no formal process set down by 
headteachers that mandates knowledge and skills are shared, the benefits of training generally do 
not extend out to the rest of the teaching workforce. The breakdown of this mechanism of 
dissemination has an important effect on the implementation of the SIP intervention package. 
There was also a sense of dissatisfaction with some of the teachers who felt they were better suited 
candidates but not selected to participate in the training process. Coupled with the many other 
discouraging working conditions, the channels for successful communication are limited. 
Furthermore, although teachers across the board felt they were insufficiently supported by the 
government, they did not feel they had any real recourse: 
 
“I take no action because my reward is in heaven.”     
Hawa, Kaduna state teacher 
 
The only option that allowed them to improve working and teaching conditions involved engaging 
with School communities for monetary support. As mention earlier, the provision and 
maintenance of school infrastructure is greatly dependent on a functional SBMC. 
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In Kaduna, the wholesale sacking of teachers also had an impact on morale in the teaching 
workforce. Some felt it was unfair and not well justified:  
 
I know people affected by the government decision. What happened, in one way it is good and in 
another it is bad… because there are competent teachers that were sacked. And there are 
teachers that were not competent. The examination, some failed it. But we didn’t fully believe they 
failed it. Because the government did not show any script that they have marked and proven that 
those teachers failed the exam. 
Hawa, Kaduna state teacher 
 
The last statement appears somewhat ambiguous. Some of the teachers test scripts were released 
and clearly demonstrated that performance was dismal (Sahara Reporters, 2017; Lawal, 2017). 
Indeed, multiples reports (NEDS, 2015; Cameron et al., 2017) show that the general quality of 
instruction (in public schools at least) is grim. However, it is possible that many competent teachers 
were caught up in this sweep. When probed, the response from Hawa was non-committal. Thus, 
it is possible to view the above statement as a reiteration of the protests from the teachers’ union 
(i.e. her response is toeing the party line so to speak). Alternatively, it may be viewed in light of 
other concerns; that teachers were perhaps treated as the scapegoat to a bigger problem in/with 
the system, and therefore, the response illustrates a genuine contention with the results. 
 
This chapter has presented and discussed the information obtained from recurrent interviews with 
key informants in Kaduna and Lagos states over a two-year period.  Discussions centred around 
the working conditions (the implication of policies on teaching and learning in classrooms), how 
financial investments are spent, the challenges faced by the teaching force, how ESSPIN has been 
operationalised, and the goals and priorities of education stakeholders. In addition to Chapter 4, 
these conversations are an important basis for the design and building of the model. Observations 
from the field seemed to show that stakeholders were generally supportive of ESSPIN. There were 
gradations and caveats, but all interviewees had positive comments about the intervention and 
many offered suggestions to improve the programme in line with the challenges they faced. The 
next chapter incorporates this information into a more formalised set of actions (and conditions) 
that produce different effects in the model. By utilising Bennett’s Adaptive Dynamics Framework, 
5.3 Summary 
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a hierarchy of these effects (in terms of degree of influence i.e. how much it produces change in a 
system and for how long) are established and then modelled in later chapters.  
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6. Analytical Framework for the SIPM 
As illustrated in prior chapters, adaptation is both a process and an outcome. In all disciplines, 
adaptation is strongly linked to the environment; in some cases, the effects are physical and 
tangible i.e. urban planning (Batty, 2003; Batty, 2008) and agricultural systems (Castellano and 
Moroney, 2018), however, in the context of this paper, adaptation will focus more on human 
interactions within a more ephemeral space – the political, economic and socio-cultural 
dimensions.75 To this end, agent-based social simulations demonstrate the variety of ways human 
decision making processes in these spheres can be modelled. In a survey of the agent decision 
making architectures, Balke and Nigel (2014) highlight the different approaches based on 
production-rule systems and psychologically inspired methods. The best approach inevitably 
depends on the research aims and questions being asked. After a survey of reasoning architectures 
(Chapter 2, Section 2.5) and taking into consideration the nature of the data available, this research 
utilises rule-induction modelling techniques. It adopts a hybrid approach with regards to analysis 
and references two existing frameworks: Bennett’s Adaptive Dynamics (as presented in Bharwani, 
2004), and Education System Intervention Modelling (Mital, 2015).  
 
However, while the process of model definition, design, analysis and validation was informed by 
these frameworks, they were still further modified to reflect the local conditions for the 
implementation of the ESSPIN intervention. This was anticipated as every social system is unique 
with its own operational dynamics between stakeholders, acting based on the conditions of their 
context. Accordingly, this Chapter shall build a modified analytical framework, while relating it to 
the agent-based model for the case study states, Lagos and Kaduna (referred to as the School 
Improvement Programme Model – SIPM). It is worth noting that the analytical framework is laid 
out much further into the thesis than is conventionally the case. After a brief overview of the two 
frameworks in Chapter 3, it was deemed better to lay the research groundwork first in terms of 
the nature of the data (and how it is utilised), before outlining the framework and illustrating how 
the data “fit” within it. 
 
 
 
 
                                                 
75Adaptation has been discussed in multiple disciplines ranging from physical to psychological processes. 
This research focuses more on human behaviours. 
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The nature of the questions posed by this research means that the data collected is more qualitative 
than quantitative. This is particularly relevant in how it is treated in the subsequent modelling phase 
(in the next chapter). As shown by Yang and Gilbert (2008), qualitative data is not easily converted 
into variables in a model without losing some information or doing some injustice to the data. For 
this research, copious and detailed evidence was collected on the processes occurring in the system 
to simulate the real-world phenomena. The frameworks presented in this chapter are the tools 
used to “translate” the information collected into a rule-based computer simulation. First, 
descriptions of the processes in the system e.g. for the teacher training component, work 
schedules, tutorial booklets, and observations of sessions, was used to create a narrative of the 
social process. This information is used to identify several themes (discussed in Chapter 5)76, which 
is then used to set out behaviours/activities in the system at appropriate frequencies. As explained 
by Dey (1993), such analysis involves a somewhat challenging process of abstracting the features 
most salient for modelling purposes from the immense and complex details of fieldwork data. 
Thus, an important utility of the SIPM is that when extracted features are coherent and consistent, 
they provide a way of validating conclusions by running simulations of the system. However, as 
cautioned by Whitehead (1925), the researcher must be attentive to the “fallacy of misplaced 
correctness” i.e. aspects of the model settings should not be made more precise than observational 
data would warrant. With this in mind, this thesis proceeds to formalise and verify the set of 
mechanisms using an analytical framework that can be applied in practice. Accordingly, this 
research utilises interdisciplinary collaborations with stakeholders (see Figure 6.1 below).  
 
                                                 
76 Most qualitative research stops at this point, with plausible narratives explaining occurrences in the social 
system. However, such observations can be difficult to validate – agent-based models (and the SIPM) takes 
this analysis a step further by re-constructing the social system. 
6.1 Developing the framework 
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Figure 6.1 Adapted interdisciplinary collaboration for modelling framework development 
 Source: Adapted from Mital, 2015 
 
The ideas and concepts from complex systems research forms the basis of the framework that ties 
together all these disciplines. However, all aspects are necessary in the development of the model. 
The figure above highlights research on education and development, and specifically, self-
assessments and reports from the case study (ESSPIN), as well as practitioners from the public 
policy domain provide knowledge on reform programmes. Interviews with those operating within 
the context of the intervention – head teachers, teachers, and communities (key informants) on 
whom the model is based provide information on the context of the intervention and lay the 
groundwork for modelling the agents, attributes and relationships to be modelled. Based on this, 
the SIPM is conceptualised, developed and tested77, and then analysed78. 
 
Nested in the anthropological field, Bennett’s framework (Bennett, 1976) focuses on individual 
behaviours, and places it within the context of the group’s adaptive processes. In this way, criteria 
that may constitute adaptive behaviours at the individual level is contrasted with that of the group. 
It studies the purpose and consequences of such behaviours for individuals, the society, and 
environment. Similarly, many of the educational issues ESSPIN aims to address bear a commons 
dilemma; behaviours in the individual’s interest is not favourable from the collective’s perspective, 
                                                 
77  Discussed in Chapter 7. 
78  Discussed in Chapter 8. 
6.2 Bennett’s Adaptive Dynamics 
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and vice versa. Methodologically, this approach brings together anthropological techniques 
(understanding individuals) and the institutional social sciences (domains of sociology, economics, 
and politics to study macro phenomena) into a common frame. Using a combination of top-down 
and bottom-up approaches, the decisions made at the micro-level are linked to larger scale strategic 
process – this approach is very applicable to this study and the research questions being posed. 
Two key concepts underpinning this framework are adaptive behaviour (adjusting means to ends) 
and strategic action (active goal-oriented behaviour). The synthesis of the two, adaptive strategy, refers 
to decision making processes where specific actions that have a predictable degree of success are 
selected and implemented. Culture plays an important role in this process and acts as constraints 
on individual choices; there is always a negotiation between the societal norms and self-interest 
and/or gratification. 
 
This framework is considered useful because one of the primary requisites for the research analysis 
is a good ‘fit’ between the available data, the model, and the analytical framework. In this regard, 
Bennett’s framework provides a good starting point for manipulating qualitative data into a 
structure that can be more easily processed via agent-based models (Bharwani, 2004). Here, 
adaptive behaviours are categorised and organised into an architecture of primitive effects at a 
micro-level, and strategic designs at the macro-level of the system. This is particularly well suited 
for research which aims to explore the emergent phenomena that depend on individual strategies. 
Bennett’s framework is structured within a temporal continuum, accounting for adaptive and 
maladaptive behaviours at the two scales over an extended period. This is further discussed in the 
next sections. 
 
6.2.1 Primitive effects of strategies 
Overall, Strategy Designs are observed throughout the system at a macro-level and is the result of a 
chain of strategies with consistent effects (i.e. the SIP intervention). As is the case with most 
complex objectives (improving learning outcomes for example), there are multiple components 
with a series of strategies used in sequence or rotation. Each of these sequences will usually 
accomplish one specific aspect of the objective, for instance, head-teacher effectiveness, teacher 
competency or community engagement. In addition, the selection of one strategy will often 
predetermine the choice of the next. It is important at this point to make the distinction between 
‘strategic designs’ and the ‘effects’ of the strategy; the adaptive steps taken at an individual level 
produce primitive effects which over time produce patterns, and ultimately, strategic designs. The 
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risks of these primitive effects are variable and are centred around the amount of time required to 
achieve the result of a strategy. Figure 6.2  illustrates the transition process from micro primitive 
effects to macro strategic designs. The next subsection discusses these primitive effects presented 
in the figure below and unpacks it within the context of ESSPIN in the two states. 
 
 
Figure 6.2 Bennett’s adaptive dynamics micro primitive effects and macro strategic designs 
Source: Adapted from Bharwani (2004) 
 
At the top of Figure 6.2, the micro-level effects of actions are categorised into four streams; 
delayed, sustained, multiplied and immediate effects. Each of these effects have different risks 
which shape the system at the next time step. As effects accumulate, the systems can move into 
adaptive drift, action constraint or incremental change. Over time, the system responds to these 
strategic designs dynamically by (i) focusing resources (i.e. specialising in one particular strategy), 
(ii) competing for resources (i.e. investment in any one strategy is not guaranteed but rather, is 
dependent on the ability of an agent to secure support), or (iii) going through an adjustment 
process (i.e. the system self-regulates as a result of the effects of earlier decisions – considered to 
be rationalised approval by Bennett (1976). Overall, the observations at this level can be positive 
or negative. Each of these steps are further explained in the section below. 
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a) Strategies with immediate effects 
These are quick return strategies involving low risk that are likely to produce expected results. For 
example, the teacher effectiveness component is designed to have a strong feedback loop between 
the instruction taking place in the classroom, the professional development sessions with head 
teachers, and the training provided to both head teachers and teachers. It takes place within a 
relatively short window. As explained by a State School Improvement Team (SSIT) officer 
 
When doing feedback in schools, we [SSITs and teachers] will agree – okay, I will be coming there 
that day to support you, to see what you are doing, by chance if there is something important that 
you've left out, I just need to remind you. It’s not for the SSIT to take over the meeting because 
we need to empower the head teacher. So, we go there, we sit in their meetings, if there is anything 
he has forgotten, we jot it down and push it to him to say it. But we are careful, we've been trained 
that we're only supporting them. In the meeting I attended last week or so, within 72 hours the 
feedback must be done. 
Dayo, Master Trainer Lagos state 
 
In this way, the relationships between agents in the social system allow for immediate feedback 
and adjustments to teaching behaviour. It also informs the trainers on how to design and deliver 
training programmes based on the needs teaching/learning needs they identify in the classroom. 
 
b) Strategies with delayed effects 
These have relatively certain effects but are exhibited over a slightly longer time frame. The 
associated risks are low but the time lag involved is crucial because returns may occur for an 
indefinite period. For instance, it takes at least six months to a year to produce a quality Master 
Trainer (also referred to as the SSIT) who can effectively step down their knowledge to School 
Support Officers (SSOs). The State Education Boards decide how many SSITS to recruit and train. 
This determines the number of SSITs available per local government district and as such, per state. 
It is often the case that a decision made at the beginning of the financial year will result in an 
insufficient number of SSITs to train school support officers, who are also greatly outnumbered 
by the teacher and head teachers they are expected to support. As a high ranking official from the 
ministry highlights 
What we are now [trying to do] is to let the government realize that we need more hands as SSITs. 
And we need more hands as SIOs. Because like today, we have one thousand and ten primary 
schools in Lagos state and as a result we are supposed to have like two thousand SIOs. We have 
just four hundred and five now. You can see the gap. So SIOs are having more schools, and 
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because of that, support has not been very effective the way it should be. Because if you have only 
five schools, it’s easy for you to get to bring them together but when you have like seventeen 
schools… You get to a school today, when do you get to that school again?  
Alfa, Lagos Ministry official 
 
The effect of this cascades down to the quality of training received by teachers and head teachers. 
Consequently, in an academic year, the amount of school visits and interactions with school-based 
staff can vary.   
 
c) Strategies with sustained effects 
Once initiated, the returns from these strategies are continual and long-lasting. The risk is variable. 
The instantiating input required might be high and will require a continual flow of resources 
(however, for this strategy to be successful the costs of implantation will have to be lower than the 
perceived benefits). Bennett (1976) draws a relevant comparison between this strategy and the 
illusion of perpetual motion – it is impossible without some deterioration in the absolute supply 
of energy (or resources in this case). Within the context of ESSPIN, a major sustained effect comes 
from the engagement of the community in the SIP via school communities (i.e. SBMCs). Care is 
taken to ensure that membership is representative and functional, i.e. they can conduct awareness 
increasing campaigns on the value of education, inclusive practices to provide all children with an 
education, and also equip them to raise funds to support/supplement their school. In this way, the 
School communities have become a vital source of funds for schools – they supplement (or take 
over paying) teacher’s salaries in many cases, they build and maintain infrastructure, and they 
provide learning materials, among many other things.  
 
d) Strategies with multiplier effects 
There are various kinds of multiplier effects which can also be considered strategic processes. The 
costs are uncertain and, in some cases, unquantifiable – this concept relates to the externalities and 
hidden costs (in the model, this is represented in the function “contextual factors”). Because of its 
responsibility to deliver scale, acts (or inactions) of the government has significant multiplier 
effects across states. In an organisation wide review, it was reported that many departmental roles 
overlap or are misaligned with the skills housed in those offices. The strategy to address this 
involved completely re-structuring the State Universal Basic Education Board (SUBEBs).  
 
Before, the Board had fourteen departments but they have realigned everything – they said there 
was duplication and overlapping of duties. So now we have eight departments. And before they 
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did that, there were job descriptions, specifications, and interviews. They discovered there were 
issues with the personnel… so we had retreats and it was there that we evolved a new vision 
statement and mission for the Board. Some people felt that they would lose their jobs but they 
rearranged the whole thing so that every officer knows where their boundary is, their schedule, 
limits. And they even created a new department [Administration]. So, they have organised down 
to the level of LGA – it was cascaded. They transcended SSIT education and they came into 
Human Resources.  
Alfa, Lagos Ministry official 
 
In identifying and documenting the planning and management functions of each organisational 
unit of SUBEB, the various offices were re-organised to reflect their responsibilities. With specific 
job descriptions, internally generated meetings (not in response to external events), greater use of 
IT and improved conditions of service, the impact of this strategy manifested on multiple fronts. 
Another frequent occurrence in many government offices is the transfer and/or retirement of staff 
across and from departments resulting in a loss of skill after investments have been made to build 
capacity.  
 
The only thing is those that started ESSPIN, many of them have retired. But then for those of us 
still here, we already know, it has been indoctrinated into our system and for some of us, we would 
call ourselves ESSPIN champions even though ESSPIN is not there. We are still doing it.  The 
state government is committed to the task, on sustaining the values that have been laid down. The 
way I see it, it is no longer an ESSPIN programme. It is our program. Looking at the last trainings 
we did, it was all organised by the state. It is a way of doing things and is part and parcel of us.  
Maryam, Kaduna Ministry official 
 
One important effect of the restructuring has been observed in the way the organisational culture 
has incorporated new principles that facilitate ownership of the SIP intervention. Furthermore, 
the effects of the restructuring of the Education Boards were transmitted via the school support 
officers and the School Mobilisation Officers (counterparts to support officers who are 
responsible for the functionality of School communities) activities. This is a long-term adjustment 
that aims to improve planning and produce cascading effects up and down the system. 
 
6.2.2 Strategic designs 
The combination of these cumulative strategies produces larger patterns which can be observed 
at the macro-level of the system over a longer period. As mentioned in Section 6.1.1, the strategic 
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design is made up of these multiple strategic components, used in rotation or sequence where each 
component meets a specific objective. They are summarised as follows 
 
a) Incremental change  
This is typically a result of multiple actions to address immediate needs. It occurs because of 
‘reactive’ measures to events rather than any long-term plan. By adopting short-term strategies 
which have immediate effects, a chain of ‘action-effect’ decisions produce a gradual but slow shift in 
the system. However, because it does not account for the long-term (or external) costs of a chosen 
strategy will have on the system at large, it can also result in an accumulation of errors. 
 
b) Action constraint 
Occurs when the number of variables in a situation increases. The effect of which is to limit or 
control the scope of future decisions and changes. It is concerned with the tension between the 
desire to alter patterns and the challenge of doing so after significant investments have already 
been made in the current approach. This effect is illustrated in the strategic decision to implement 
the National Home-Grown School Feeding Programme (the largest in Africa) which has diverted 
significant amount of education funds towards health outcomes. While there is an expectation that 
educational indicators would indirectly benefit from this programme, it also poses an action 
constraint because it hampers stakeholders from following through on other investment intensive 
processes. 
 
c) Adaptive drift 
Refers to processes that cause general movement in one direction due to socio-cultural 
considerations. Such effects are difficult to reverse and often relate to social stratification. Bennett 
describes this as a prolongation of the status quo under the guise of planning. This is exemplified 
in the vicious cycles that characterise the education system in many states; government campaigns 
to increase enrolment rates, no corresponding investment in schools which steadily deteriorate the 
quality of education as the system strains to meet growing needs, consequently, learning outcomes 
decline with children going through the system or dropping out without gaining the supposed 
benefits of a basic education. 
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6.2.3 System responses to strategic designs 
a) Buffering and step functioning 
This relates to a systemic lag and can be observed when detrimental strategies are adopted because 
other factors in the system facilitate it (despite the evident danger). For example, Bennet (1976) 
highlights vested interests as an important buffering mechanism because wherever gains are high, 
the risk of loss is also felt to be severe. However, the accumulation of negative effects eventually 
overwhelms the system triggering a control mechanism.  
 
b) Resource competition 
The interaction between agents involves competition for the allocation of scarce resources. It is a 
dynamic process occurring over time which can produce new patterns of behaviour as a result of 
its effects i.e. increasing populations or inputs can upset the system and lead to renewed 
competition or, the system may arrive at an approximate steady state when there is an 
accommodation pattern for the distribution of resources.    
 
c) Adaptive specialisation 
This is the result of increasingly focused use of resources over a prolonged period and is closely 
associated with resource competition. Generally, the specific resources competing groups or 
subgroups utilise lead to particular cultural and social patterns which conforms to the demands of 
the resource (technology, nature of the work). For example, Bharwani (2004) highlights the 
importance of being a unique producer and thus, farmers choosing and investing in specific crops 
over a long-term period based on market overproduction considerations. In the context of this 
research, stakeholders are in different groups with varying priorities. However, they are all very 
interconnected as pertains to implementing the SIP intervention and ultimately cannot act 
independently of each other, and so competition occurs at a secondary level i.e. competition for 
the allocation of funds into components of the programme. This also means adaptive specialisation 
is mainly observed at a higher level in the system (above the implementation of the SIP). In general, 
such specialisation can hinder the capacity for adaptation even as they may produce sustained 
effects.  
 
d) Rationalised approval 
Usually a post hoc adjustment, it is observable when positive outcomes from investments have made 
it advisable to confirm adaptation decisions. This process transforms unforeseen consequences of 
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adaptive strategies into a system that is self-regulating. Thus, the process of adjustment itself 
becomes a value. In most systems, it is a common political strategy to capitalise on positive gains. 
 
In this section, the theories from Bennett’s framework have been applied to data from the field. 
The features describing the different strategies and effects have been observed in the ESSPIN case 
study, and a corresponding ‘fit’ has been established. The next section builds on the adaptive 
strategies discussed by translating these into the dynamics of the SIPM. The ESIM framework 
developed by Mital (2015), the second framework used as a reference point for this research is 
presented next. 
 
Developed to analyse a range of interventions in the K-12 school system in the United States, this 
framework adopts a multidisciplinary approach spanning public policy, industrial and systems 
engineering, education research, and practitioners (Mital, 2015). In the same way, this research 
attempts to develop a comprehensive and validated framework by collaborating with these 
stakeholders in a practical way to build the SIPM (see Figure 6.1). In particular, EMIS provides a 
useful template for setting up the governing dynamics of the model already qualitatively described 
above. The ESIM framework is applied in the SIPM in four phases: model definition, design, 
analysis and validation - presented in Figure 6.3 below. A reiterative process, each stage is informed 
by the others until a working model is developed. 
 
Figure 6.3 The modelling cycle 
Source: Author’s conception 
 
The process of model development centres around the appropriate framing of the system being 
studied. Hence, having a clear statement of modelling objectives, proper definition of underlying 
6.3 The Education System Intervention Modelling (ESIM) framework 
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assumptions and implications, and reporting of model results are essential aspects and good 
modelling practice. Accordingly, the next chapter of this thesis shall further define the scope of 
the SIPM. An important objective for this thesis is not to ignore or underestimate the difficulties 
and limitations of the data and technique – the point is to explore the possibilities and potential of 
the complex systems approach in improving our understanding of a target system (here, the 
education system in two Nigerian states) and thus, designing and implementing ‘successful’ 
development interventions.  
 
Embedded in systems engineering and operations research, ESIM is primarily utilised to refine the 
modelling techniques for the SIPM. The architecture and parameters of this is further elaborated 
in Chapter 7 (Model Design). Taken in conjunction, Bennett’s framework is used to structure and 
guide the degree to which behaviour effects ripple out across the system, and ESIM helps in 
defining the inter-connections between agents, the strengths of ties, agent attributes, feedback 
loops in the system, and internal/external dynamics of change in the SIPM. Beyond the analytical 
framework ESIM provides, it also moves this study forward by establishing conditions under 
which an intervention can be sustained i.e. a means of defining “success”. This approach also 
offers a very practical benefit – it bridges the gap between theory and practice by providing an 
estimate of risks for a programme i.e. results from the end of the model run indicate the probability 
of sustaining interventions. This is done via the notion of an Acceptable Zone (discussed in the 
next section). 
 
6.3.1 The Acceptable Zone  
Underlying these adaptive processes is the understanding that the experiences and perceptions that 
stakeholders favour will guide the exploration and ultimate choice of all possible strategic options. 
In addition, there is a limit to the levels of deprivation these stakeholders are willing to accept 
before they search for alternative paths. Accordingly, for the SIP to be “successful”, agents’ 
responses/adaptations to changes in the systems should actively improve the state of system, or 
at least remain within the ‘Acceptable Zone’. While this might vary across stakeholders, for this 
research the acceptable zone will simply encapsulate a set of states in which the implementation 
of the SIP will yield quality teachers, headteachers, School communities and schools. In this case, 
the acceptable zone has been defined after close consultation and interviews with key informants 
and centres on the conditions under which each of these agents have specified as their minimum 
requirements to participate in the SIP intervention. A common set of conditions emerged from 
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these perspectives; the first was the necessity of having basic needs covered (salaries paid in a 
timely fashion) and the second was the sustainability of the supplementary support they each 
require to implement the programme. Whilst in the space of acceptability, a change can start or 
continue to occur. Recall that it is the premise of ESSPIN that the SIP intervention should shift 
the current trend in the education system into the acceptable zone (as defined here) and it is the 
focus of the SIPM to investigate if the intervention does this, as well as if the system in which it 
operates enables or inhibits this process. 
 
With reference to the work done by Mital, Moore and Llewellyn (2014) and Blumenfeld et al., 
(2000), the acceptable zone is conceptually modelled on three gaps affecting the implementation 
of the intervention: policy management gaps, capability79 gaps, and cultural gaps. These gaps are 
composed of a set of attributes at the macro level of the system. They represent the difference 
between the ideal state and the actual state of the attributes (each of which are summarised in 
Figure 6.3 below).  
 
Figure 6.4 3D representation of the acceptable zone and gaps 
Source: Mital (2015) 
 
Each of the three gaps presented in the figure above are made up of certain attributes (at the micro 
level of the system) which are manifested at the macro level of the system. A gap is calculated as 
                                                 
79 In this research, capability is  technical term that describes the abilities of individuals. It captures personal 
characteristics, and is affected by external factors such the availability and conversion of resources into real 
opportunities and achievement. This conception of capability is also consistent with Sen (1992) which is 
concerned with freedom of choice, and the feasibility for a person to achieve.  
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the average difference between ideal and actual states of the attributes that compose of the gap 
(each of which are further defined in the next chapter). Therefore, the SIPM is designed to 
illustrate transitions from the initial to end states of the system (with the implementation of the 
intervention), while showing agents that fall within and outside the acceptable zone. In some cases, 
the acceptable zone is realised, while in others it is not. A useful way of capturing these changes is 
by utilising a fitness function for the overall system. It encapsulates a space where an intervention 
can be successful, even as the system is operating short of the ideal state. To stay in this state, all 
three gaps must be within an acceptable tolerance level. However, the probability of sustainability 
is always subject to change over time (ideally, the value should improve). This probability is 
calculated based on the three gaps and a modified logit probability model developed by Mital 
(2014). In summary, the function allows that the probability of sustainability decreases as the gap 
increases (and vice versa), changes in gaps are averaged over time periods, and larger gaps are 
penalised more (especially when outside the acceptable zone gap tolerance). This procedure has 
the added benefit of producing binary responses from continuous variable i.e. success 
(sustainability) or failure (unsustainability) of the intervention. These features are incorporated to 
develop a probability of sustainability P(S) (Equation 1) with reference to the three gaps outlined 
 
   
Equation 1. Calculation for sustainability probability 
 
where wpm + wca + wcu represent the weights corresponding to the three gaps, and sum up to 1. This 
is a fine balance and so if a particular gap is large in magnitude, the corresponding probability 
function will be low. Therefore, for the SIP to be successful, all the gaps have to be sufficiently 
low. It is therefore useful to study the effects of adjusting the size of the gaps: 
• if only one gap is large, the sustainability probability of the intervention will typically be 
low 
• however, when the gaps are weighted equally, even with one large gap, probability of 
sustainability can still be achieved. 
 
To further test the effect of weightings in this probability calculation, a series of treatments using 
a combination of weighting schemes (harmonic and dynamic weight assignments) were applied to 
study the differentiation in gaps (see Mital, 2015 for detailed calculations). Based on a comparison 
of the performance of the different functions, the P(S) equation above best fulfilled one important 
(1) 
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criteria: the difference between gaps was not masked when one gap was particularly high and the 
other low. In addition, this calculation produces intuitive probability values and is easy to compare 
across different systems. 
 
On another level, public policy analysts might find these probability measures useful for 
quantifying risks when implementing interventions in the education system. A high probability for 
sustainability would imply a low risk environment for the intervention and vice versa. Of course, 
most reform programmes would be targeted at improving the performance of schools in high risk 
environments with the goal of moving them into a low risk environment and into the acceptable 
zone. If the reverse were to occur, it would also be a useful indication of unsuccessful reform 
policies and/or strategies. As pertains to the SIPM, the procedures outlined above will be applied 
to define the acceptable zones. The gaps for all attributes will be held constant when calculating 
any one gap. The acceptable tolerance for each attribute will be taken as the difference between 
the two highest levels. This calculation provides an estimation of how much agents deviate from 
the acceptable zone, and based on this, the overall fitness and probability of sustaining the 
intervention can be calculated. The next two chapters respectively explain and model this process 
in more detail.  
 
This chapter was concerned with making a strong connection between the research data and 
modelling stages identified in the methodological approach (presented in Chapter 3, highlighted 
in Figure 3.3). The literature reviewed (Dey, 1993; Yang and Gilbert, 2008; Daly et al., 2015) and 
utilised (Bharwani, 2004; Mital, 2015) to develop the conceptual framework in this section all 
demonstrate that it is unrealistic to expect any model to simulate all psychological and social 
processes, or even to model them to great levels of detail. As such, the SIPM attempts to extract 
the most compelling features of the education system and the effects of ESSPIN on that system. 
After an extensive study of the local education context and the available analytical frameworks for 
modelling the system (Chapters 2 to 5), this chapter delves into the frameworks as applied to data 
collected from the fieldwork portion of this research. The mixed methods approach of this thesis 
is illustrated here by the combination of frameworks used to formalise the data, build the model, 
and analyse the results. Bennett’s framework facilitates in capturing the nuances of stakeholder 
experiences and thus, understanding and qualitatively defining the factors that would influence 
change in the system. ESIM (as developed by Mital, 2015) provides the necessary abstraction (it is 
6.4 Summary 
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beyond the scope of this research to model each individual in the system) and practical techniques 
to quantitatively define the state of the system and measure those transitions. The next chapter 
sets the ground work of the model. It goes through the design, calibration, and validation phases 
using the earliest implementation period of ESSPIN as a test case. Here, the exact parameters for 
the SIPM are refined and adjusted before the SIP can be run and analysed from start to finish.  
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7. Model Design 
Chapter 7 builds on the analysis of ESSPIN provided in Chapter 4. In this chapter, the analytical 
framework presented in Chapter 6, and the interview material discussed in Chapter 5 are utilised 
to develop the agent-based model, from here on referred to as the School Improvement 
Programme Model (SIPM) through a knowledge engineering process. During the literature review 
process, a key gap identified was the absence of dynamic tools to study a changing system in real 
time, and provide insights that can productively inform decision making. Such a tool would 
necessarily be highly contextual in order to represent the specific conditions of that environment, 
and consequently, would not be applicable in any other setting.  
 
In this chapter, the process of model development is outlined from the bottom up. It is heavily 
based on consultations with education practitioners in Lagos and Kaduna states, state budgetary 
spending reports on education, and state records on education data. The first part of this process 
is to build the SIPM based on phase one of the implementation of ESSPIN in both states. For 
this, data from 2012 (provided in the Composite Surveys) is utilised to map out the environment 
and initiate the model.  Throughout the process, the model goes through a repetitive validation 
process; subject matter experts and key informants from the field were invited to review the model 
and offer feedback on the underlying model dynamics. Data from evaluation reports on ESSPIN 
proved a useful resource in ensuring those processes produced results which could be relatable to 
the real world.  
 
The scale of analysis for this model has three dimensions; the administrative structure, social 
networks and time horizon. As a relatively large intervention, ESSPIN necessarily involves many 
headteachers, teachers, community members and government administrators in the 
implementation process. For this research, the point of entry for developing the SIPM is the school 
level. With the support of the local government education authorities, the schools are responsible 
for executing many of the components which yield improved learning outcomes. This level is very 
responsive to decisions made higher up in the system and the impact of those decisions are more 
distinctly observed here. In addition, the dynamics of interactions at the school level are hugely 
consequential to the success of the intervention. On a practical note, quantitative data on school 
performance is also available and can serve as a validation instrument for the SIPM which is based 
on qualitative data collected during fieldwork interviews.  
7.1 Scale of the SIPM 
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Although the education system exists in a hierarchy (presented in Figure 7.1), the social network 
structure is modelled as non-hierarchical in the sense that resource flows (monetary as well as 
knowledge) and interactions occur between stakeholders who are linked to each other. Therefore, 
there is no single agent who coordinates or controls the overall system dynamics. Accordingly, the 
SIPM is modelled from the bottom-up and the system often looks very different from the figure 
above with hierarchies changing into networks made up of interdependent parts of the system. In 
fact, different structures emerge depending on the scale of the intervention being modelled as 
demonstrated in Figure 7.2. 
 
Figure 7.1 Hierarchical structure of the education system 
Source: Author’s conception 
 
Figure 7.2 Modelling the SIPM pilot phase 
Source: Author’s conception 
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For this model, the attributes of stakeholders above the dashed line are peripheral to the SIP and 
are held constant. The agents below the line are key actors in the SIP and their attributes are taken 
as an average. Parameters such as the economy is at a much higher scale and is not affected by the 
dynamics of the SIPM; it is simply an input parameter. Defining the scale of the model clarifies 
which agents can be aggregated and which can be modelled separately.  
 
The time horizon is set for one academic year in primary schools. Each time step is modelled as 
one month – this was determined as an appropriate amount of time for attributes to show changes.  
It is important that the time horizon matches the duration of the intervention and guides how 
attributes vary in the system. For example, changes happening on a longer time scale than that of 
the SIPM are held constant, and changes at a finer scale than the model are taken as an average. 
In this case, a significant trend has been the decline in learning outcomes in the states over the last 
decade. While this trend is on a larger analytical and temporal scale than the SIPM, it is still very 
relevant to the overarching goals of ESSPIN (reversing this trend is the goal of the programme). 
Accordingly, this trend will be an important consideration when designing and analysing the 
model. The practical implication of this decision is that the boundaries of the SIPM system will 
expand. For instance, each roll out phase of the programme is modelled with increased pupil-
teacher ratios, and the weightings in the rules governing the dynamics of the system are adjusted 
(to be discussed further below).  
 
Changes at the scale of the model are dynamic and can vary with each step size. A reasonable time 
step for the SIPM would be one consistent with the change in the system being modelled. While 
no single time step can be considered ideal, guidance from education practitioners in the system, 
and sensitivity analysis on different time steps provide a satisfactory basis for building the model. 
One feature that is utilised in the SIPM is the varying of time steps within set horizons i.e. one 
school year can be divided into academic terms when frequency of agent interaction is low or 
divided into weeks when frequency is high. 
 
A number of modelling software packages such as Repast, MASON, MAIA, Python etc. exist and 
were considered for implementing the SIPM. Each have their advantages and disadvantages and 
all platforms inevitably require trade-offs. The selection of Netlogo as the primary modelling 
platform is discussed in the methodology section. After much deliberation, this simulation tool 
7.2 Netlogo: Overview, Design concepts and Details (ODD) protocol 
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was identified as best suited for the SIPM. Based on the researcher’s limited programming 
background and time and resource constraints of this research, Netlogo provides a relatively 
simplified programming language and graphical interface for beginners to build, observe, and 
analyse the behaviours of the target social system.  
 
In this regard, the basic criteria for selecting a platform has been; (i) ease of use (a key consideration 
because while new and useful skills were developed to build the SIPM, the learning curve 
necessarily had to be scalable within a set time-period); (ii) speed of implementation and the 
availability of multiple analysis tools for the model output;  and (iii) the ability to implement all the 
rules established in sections 7.4 for the SIPM. The main limitation of Netlogo is that it is has a 
pre-developed database which imposes a limit in terms of the various features of the model that 
can be built on the platform. However, this was not a serious limitation because of the time-
consuming requirements of building from scratch, especially for less experienced modellers. The 
Netlogo models library also served as an excellent sample code base with templates and support 
information as a good starting point for the research. On a side note, the ability to implement the 
SIPM on a simple platform answers some of the early questions of this thesis i.e. can international 
development intervention practitioners with little or no programming experience practically adopt 
a complex systems approach to complement project design and management? 
 
The Overview, Design concepts and Details (ODD) protocol provides an overview of how the 
model is designed, its essential characteristics, and provides the details necessary to formulate the 
SIPM. Table 7.1 below summarises the SIPM ODD.
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Table 7.1 Elements of the ODD protocol 
1. Overview 
Purpose 
 
The model explores one main hypothesis: that the components of the SIP produce qualitya schools only under certain conditions (identified through the 
modelling process). Hence, the SIPM is being developed to answer questions about processes in the system, not the data. Some of the sub-questions for 
the model are: 
i. Which components yield the greatest positive impact on learning outcomes? Hence, where should investments be prioritised? An underlying 
assumption here is that quality schools translate to improved pupil performance 
ii. What is the minimum amount of time, frequency and intensity of implementation that can produce a successful intervention (success defined by 
steady state of improvement or no change)  
Entities, state 
variables, and scales 
 
The main entities in the SIPM are the students, teachers, headteachers, school support officers, schools, and communities (all other entities are peripheral). 
The state variables are the agents’ attributes, relationships, and resources. It is modelled on a temporal scale of an academic year of the intervention. There 
is no explicit spatial scale – the model represents the social network of agents, it is not a direct geographic representation of the real system. The peculiarities 
of each local government are taken as an average.  
Process overview and 
scheduling 
 
The dynamics of the process that change the state variable of the models are defined by the change of attributes and relationships, and flow of resources 
equations presented in Section 7.4.4 These are executed based on the behaviours of each of the agents. Here, actions are assigned to agents, the order in 
which they are executed are scheduled, and the process through which this occurs are specified.    
 
2. Design concepts 
All the above procedures outline the skeleton of the model. The next section fleshes out the sub-models highlighted, the underlying assumptions, and how the processes are 
modelled. 
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Basic principles 
 
The theory of change for ESSPIN is based on the understanding that school improvement is a complex process, requiring an integrated approach. The 
SIPM is built to consider all these integrated components, while being sensitive to the local conditions. As much as possible, it attempts to capture the 
nuances of agent preferences, abilities, and how they might be influenced while remaining tractable. 
Adaptation 
 
In the SIPM, state variables of agents determine the behaviour patterns of stakeholders in the system. Adaptive behaviours here only occur when baseline 
needs are not met (for example, salaries unpaid), in which case, agents make decisions to mitigate this problem (for example, seek alternative means of 
funding or opportunities elsewhere). Higher up in the system, there are macro strategic designs responding to economic and political shifts. This often 
results in the re-direction of resources into different components of the SIP at various points in time. Adaptations at the macro-level are not explicitly 
modelled but serve as an input to the system, informing on how much monetary resource is in the system. This determines number of training sessions for 
teachers and headteacher, maintenance of infrastructure, provision of teaching and learning materials etc.  
Objectives 
 
The overall objective for the administrators of ESSPIN is the sustainability of the intervention (which is expected to produce improved learning outcomes). 
At the school level, the SIPM is mainly modelled as indirect objective seekingb. Teachers and headteachers will by default tend towards carrying out their 
tasks (outlined under behaviours described in section 7.3).  
Learning 
 
As modelling was done using DTMCs (discussed in Chapter 3), changes in the SIPM are only dependent on the current state variables, not past system 
states. The cumulative effects of current states produce larger shifts in the SIPM. 
Sensing 
 
All agents in the system are explicitly linked and can access the attributes of those with whom they have relationships.  
Interactions 
 
Interactions take place directly and indirectly in the SIPM. Any two linked agents can directly change the attribute of the other (positively or negatively) – 
and vice versa. These mechanisms are modelled via the simple empirical rules presented in equations (2) to (5). 
Stochasticity 
 
This relates to the parameter space and internal variance of the SIPM. There are many behaviours in the system that are too complex to represent 
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The ODD formulation paints a picture of the general concepts/principles guiding the SIPM. The next section provides information on the governing 
dynamics that will facilitate the implementation of the model. A conceptual framework for the model has been outlined (Chapter 2), and the structure 
has been reviewed by education practitioners, public policy researchers, and subject matter experts (computational modelling, as well as education 
researchers.
mechanistically. To initiate the model, pseudo-random numbers are utilised but the range of values from which these numbers are selected are pre-
determined. All changes have probabilities of occurring and tests are conducted to validate the stochasticity of the model. 
Observation 
 
The outputs used to observe the internal dynamics of the model are the mean and standard deviations of the state variables. 
 
3. Details 
Initial Conditions 
and Input data 
 
The SIPM is initially modelled based on real conditions in the case study states for ESSPIN. The number of agents and resources in the system are explicitly 
stated. Initial attribute levels and relationship status is jointly determined in consultation with education practitioners and key informants.  
Sub-models 
 
These are defined in governing dynamics of the system in Section 7.4.4  
Source: Author’s conception 
  
a “Quality” is the technical term utilised by ESSPIN to designate a school performing at the required standard (presumably all schools have some level of quality). While modelling the 
intervention, Chapters 7 and 8 adopts ESSPIN’s usage. 
b  Agents are given rules that mimic observed behaviour. It is presumed that all these behaviours  contribute in some way towards their objectives. 
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The modelling process is essentially a path to transform the qualitative data collected during the 
fieldwork phase of this research into information, which is then converted to knowledge, and 
ultimately, an understanding of the target system (in this case, ESSPIN). Thus, the first stage is 
conceptualising the SIPM based on the stakeholders’ attributes and behaviours (the pertinent 
attributes have been presented in Section 7.4). It is not possible to capture all agent behaviours but 
specific behaviours that affect the intervention, or are induced by the intervention are modelled in 
the SIPM. The main behaviours of these agents are consistent with activities described for the SIP 
in Chapter 4 and an example of teacher behaviours is presented below (note that all behaviours 
involve interactions with other agents). 
 
a. Teachers 
- Participating in training sessions with School Support Officers (SSOs) or with 
trained colleagues (interactions with trainers) 
- Improving pupils’ tests scores (utilising skills learnt from pedagogical and subject 
training – interactions with pupils) 
- Stepping down knowledge gained from training sessions to other teachers 
(interactions between teachers) 
- Participating in professional development sessions (interacting with headteacher) 
- Attending SBMC meetings (interactions with community) 
 
The SIPM is populated with agents representing stakeholders, each of which have different 
attributes or characteristics. The key stakeholders for this intervention was determined prior to 
and during the fieldwork phase of this research. Information from these interviews and subsequent 
consultations with experts, open records, and a review of the literature have all played a role in 
modelling the SIPM environment. Through a knowledge engineering process, all this data was first 
utilised to re-create the dynamic nature of interactions between agents, their sphere of influence, 
and how their attributes change. The main entities in the system and their main attributes are 
summarised in Figure 7.3 below. 
 
7.3 Knowledge engineering – the SIPM  
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Figure 7.3 Main attributes of agents 
Source: Author’s own 
 
All these attributes may manifest as constructive, destructive, or disinterested behaviours. The list 
presented in Figure 7.3 is by no means exhaustive but has been deemed sufficient to begin 
modelling the first phase of the SIPM. A necessary step in building such models is to determine 
the best trade-off between model complexity and model accuracy. While there have been a few 
studies evaluating school interventions and measuring the quality of educators (Tschannen-Moran, 
2013; Llewellyn, 2013; Daly et al., 2015; Martin and Dismuke, 2018), they have typically had a very 
context specific focus and may not reliably apply to this research. The SIPM refers to some of 
Headeachers and 
Teachers
1. leadership ability
2. self-efficacy (teaching and learning)
3. job satisfaction
4. support for programme
5. inter and intra-relationships
Community or School 
Based Management 
Committees (SBMC)
1. support for programme
2. self-efficacy (fund-raising)
3. inclusiveness
4. inter and intra-relationships
School system 
administration
1. school development plans
2. self-evaluation process
3. proximity to government
4. budgeting and planning
School Support Officer 
(SSO)
1. self-efficacy
2. job satisfaction
3. support for programme
4. relationships
Local Government 
Education Authorities, 
and State Universal 
Basic Education Boards
1. support for programme
2. budgetary allocation and release
3. management of  SIP implementation
4. relationships
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these methods but mainly adopts the specific measurements that have been developed and utilised 
by ESSPIN for this programme (discussed in Section 2.7). 
 
The (inter and intra) relationships between agents are fundamental components of the SIPM 
environment; they influence the degree to which an agent attributes change depending on the 
strength of that tie. For each stakeholder, these relationships can be modelled as bi-directional or 
one-sided. The symmetric approach assumes that the relationship is mutual and this is often 
observed among intra-relationships. When crossing between levels, or sub-levels, an 
unsymmetrical relationship is more common but is not exclusively the case. For example, most of 
the interviews showed that teachers can also influence their headteacher’s behaviour and attributes. 
The flow of resources in the system is another important governing dynamic of the model and 
refers to the transfer of all precious entities in the system and includes knowledge or information 
as well as money. With the attributes of stakeholders in the system clearly defined, rules can be 
introduced to model how changes occur in the system. 
 
All changes in the SIPM are modelled by specific rules. Llewellyn (2013) and Mital, (2015) provide 
a useful template for modelling changes in systems and is referenced in the development of the 
SIPM. As outlined in Chapter 3 (methodology), a useful technique for modelling change in system 
states is the Discrete-Time Markov Chain (DTMC). This is done with the explicit presumption 
that continuous time processes can be well approximated by small discrete steps, and that change 
in attribute level is dependent on the its current state and relationships of agents, not historical 
system states – this simplification helps to make the model tractable. In addition, this preserves 
the state-dependent property of the system, connecting each state to the next. Thus, a path is 
created from the initial conditions at the start of the system, and maps out change with each time 
step of the system. This represents the cumulative diffusion of innovation (Rogers, 1962) and is 
often used to describe the S-curve pattern in learning or innovation. It describes a system where 
there is more inertia towards change when an attribute is especially high or low (at the beginning 
or end points). This pattern is sometimes representative of change processes in complex adaptive 
systems. 
 
With this set up, the time horizon for the intervention is constituted in discrete time periods, 
during which there are a sequence of possible events that have probabilities of occurring. In this 
7.4 SIPM simulation 
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case, attributes and relationships have three probability vectors. They represent improvement, 
worsening, or no change at all [pimprove, pworsen, pstay].  These probabilities of change occur on two 
fronts; an internal component representing parameters captured within the model; and an 
external component representing phenomena outside the scope of the model which may affect 
state change of the SIPM. Each of these components is weighted and can be used to fine-tune the 
model. It is further investigated through the sensitivity tests conducted in Section 7.6. Initial values 
for the weights were estimated based on scale; larger scale interventions involving education 
reform (such as ESSPIN) would have a higher winternal (closer to 1) and vice versa. The ‘modelled’ 
elements of change (internal components) also encapsulates transient and steady state phases of 
the system. Figure 7.4 below illustrates these two system states (steady and transient) in the S-curve 
pattern. 
 
 
 
Figure 7.4 S-curve with transient and steady phases 
 
At any particular point, the system state is a combination of the states of all the agents’ attributes 
and their relationships. In theory, prior to any intervention, the system is in a steady phase. This is 
disrupted by the implementation of the intervention, which pushes the system to a transient phase 
for a period. During this phase, the probability of change is higher than at any other point before 
it once again stabilises at the top of the S-curve. However, in practice, while there are instances 
where the SIPM reflects this pattern, it only captures a snapshot in time. Over a longer time frame 
steady states often exhibit chaotic dynamics of continuous change i.e. an unstable steady state. 
Moreover, the time taken for an attribute to reach its maximum point is not always the same for 
all attributes. Therefore, the aggregate curves over all attributes will represent multiple dimensions 
Transient 
phase 
Steady 
phase 
Steady 
phase 
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rather than the single dimension represented in Figure 7.3 which is a more simplified dynamic. In 
the system modelled, the evolution of any one factor depends on multiple others – producing 
complex dynamics. Nonetheless, there may be a limited set of cases where some emergent 
properties have apparently simple behaviours as shown in the figure above. In addition, all changes 
in the system occur in step sizes (a measure of change over time). In most cases, this is a subjective 
measure, and for the SIPM, the step size is jointly determined based on advice from subject matter 
experts. Through the sensitivity analysis, it can be observed that there is an inverse relationship 
between the length of step sizes and the number of time periods.  
 
Delving more deeply into the dynamics of change within the SIPM, there are three sub-models 
used to govern change relating to; agent attributes, relationships, and resource flows.  Section 7.4.4 
outlines the details of setting up the structure of the model – a necessary exercise which will 
facilitate the successful re-creation and extension of the SIPM. 
 
7.4.1 Model definition 
The initial state of the SIPM (the number of agents, their attributes and relationships) is populated 
based on data from the field work phase of this research.  Information on the ESSPIN intervention 
and the educational context within which it operates has been provided in Chapters 2 and 4. To 
date, the programme has impacted over 16,000 schools, 133,000 teachers, and 6 million learners 
(ESSPIN, 2017). The theory of change for this programme centres on the basic premise that an 
integrated approach combining directed efforts to train effective headteachers and competent 
teachers, engage with communities, adopting inclusive policies and practices, and utilising school 
development plans, will produce improved learning outcomes. This approach is further bolstered 
by parallel measures higher up in the system which support short, mid and long term planning and 
budgeting processes for the agencies that oversee the education system. 
 
This is an interesting but also somewhat challenging case study to model. The scope of the 
programme offers a good indication of how much is being invested in education, where the funds 
are going, and what results are being produced. On a practical note, it has also generated a 
significant amount of data to study (and use for the SIPM validation). However, because 
implementation has been very staggered; different components of the SIP have been dropped only 
to be later picked up by a new administration. At some points, it stalled entirely, and throughout 
the process, schools receive varying degrees of support for the programme. While a challenge to 
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model, it is important to note that such complexities are the norm for development interventions. 
It is in this context that reform must occur in Nigeria and it is one objective of this thesis to 
attempt to better understand how these issues interconnect to produce the current state of affairs 
(recall, the SIPM is fundamentally about processes). In addition, the self-defined measures of 
success (also a yardstick for the SIPM), was revised during the second and third phases of rolling 
out the programme. As a result, while it is easy to observe the changes in the system, it is difficult 
to decisively attribute changes in the system to any specific occurrence. With this caveat, the SIPM 
attempts to represent the system as accurately as possible, and move ahead with analysis of model 
outputs from there. 
 
7.4.2 Modelling trends 
The SIPM modelling process will begin for the 2011/12 academic year. At this point, selected pilot 
schools would have been implementing ESSPIN for at least one year. The first parameter to 
estimate is the importance of internal versus external trends on the schools. To this end, the data 
presented in Figures 7.5 and 7.6 clearly show the difference in the performance of ESSPIN and 
non ESSPIN/less ESSPIN schools in Lagos and Kaduna states.80  
 
 
                                                 
80  By 2012, all primary schools in Lagos were receiving some component of ESSPIN and so were 
considered ESSPIN schools. As a result, there are no longer any control schools with which to estimate 
the relative difference between external and internal forces in Lagos.  
 
Figure 7.6 Comparison in Lagos schools 
quality (2012 and 2014) 
Source: CS3 (Bischler, 2017b) 
 
Figure 7.5 Comparison in Kaduna Schools 
Quality (2012 and 2014) 
Source: CS3 (Bischler, 2017a) 
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This approach helps in estimating how much external pressure schools are dealing with, and the 
degree to which ESSPIN has made an impact in schools. For 2012, there is a distinct difference 
between the schools implementing more of the SIP in Lagos, however, in Kaduna, the difference 
is negligible.81 Therefore, for Kaduna, it is appropriate to evenly distribute the weights between 
internal and external pressures on the schools. In contrast, Lagos will have a higher weight for 
internal reform pressures because the gap between ESSPIN schools compared to the district’s 
general performance is substantial. Ensuring the right balance between internal and external 
components that drive or impact on change is very important in this analysis.  Similar ideas have 
been explored in the business world by Staw, Sandelands and Dutton (1981). Here, the concept 
of ‘threat rigidity’ explains how organisation can successfully or unsuccessfully adapt to threats in 
their environment. When organisations are dealing with challenges, they are more likely to focus 
more on the internal organisational aspects that they can control. By reverting to tried and tested 
norms, these organisations stop innovating and responding to the environment. This can guide 
the weighting estimation for the SIPM change equations (see Section 7.4.4) and it can be inferred 
that schools receiving less of the intervention are more affected by external pressures in the 
environment (illustrated in Figure 7.5) and thus, would have the larger external weighting.   
 
Another important trend to consider is the enrolment rate in schools in both states (presented in 
Tables 7.2 and 7.3).  
 
Table 7.2 Enrolment rates & number of schools in Kaduna 
 
Source: Composite Surveys 3 (Bischler, 2017a; 2017b) 
 
 
 
 
                                                 
81 To ensure that the observed difference in school performance can be directly attributed to the ESSPIN 
intervention and not to other differences in the schools to begin with, the CS2 analysis focuses on 
‘difference in difference’. Using this method, the degree of improvement is measured by comparing 
averages of indicators of interest e.g. school quality of control and ESSPIN schools over time (in theory, 
ESSSPIN schools ought to have improved faster during this period). 
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Table 7.3 Enrolment rates & number of schools in Lagos 
 
Source: Composite Surveys 3 (Bischler, 2017a; 2017b) 
 
This has already been discussed to some degree in Chapters 2 and 4 and the tables highlighted 
above provide further insights on the pupil to teacher ratio. In both cases, the ratio steadily rises 
over the years highlighted and has been the norm over the last three decades. In addition to the 
increasing number of pupil enrolment, the security status of the states is also a significant external 
factor affecting the schools and will be factored into the external parameters for change. The 
implementation of ESSPIN is occurring amidst a security crisis in the states and therefore, the 
SIPM is modelled within this context of growing insecurity.  In absolute terms, there are more 
incidents of conflict and political violence in Kaduna which may affect the delivery of education 
services. The last two factors highlighted (enrolment rates and security crises) are complex issues 
to unravel and may not be satisfactorily accounted for in internal/external weightings in the 
change. Here, there are no control groups as all schools are affected to different degrees, and in 
addition to this challenge, the slight variations between schools would require extensive data 
collection, with great sensitivity to the nuances of each local governments, and indeed school.  
 
7.4.3 SIPM governing dynamics 
As described in Section 7.3, all agents in the SIPM have behaviours and engage in a variety of 
activities. The quality of each of these behaviours are dictated by a number of factors which are 
encapsulated under three categories. First is the level of their individual attributes. This is a necessary 
measure that reflects the variation amongst agents, as well as potential for their quality to improve 
or deteriorate. In the SIPM, a teacher is more likely to be competent based if self-efficacy, support 
for the programme, and job satisfaction levels are high. Second, the nature of the relationships 
between stakeholders will shape how agents engage in activities. The third factor is the resource 
flows within the system and is important because it determines how comprehensively the SIP is 
implemented, as well as baseline performance levels of all agents. These changes are guided by the 
equations presented below. They govern internal change in relationships, attributes and resource 
flows. Segments of the SIPM code is used in this section to illustrate the how changes are executed, 
and the full code (with attributes and behaviours) is provided in Appendix 3.  
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a) Change in attributes 
For all agents, the internal probability of change is dependent on three things: the agent’s current 
relationship with other stakeholders, the attributes of stakeholders with whom the agent has 
relationships, as well as the current attributes of the agent. In addition, attributes can also be 
influenced by resource flows. These changes are very context specific and a good understanding 
of the social networks in Lagos and Kaduna are important to appropriately estimate which agents 
affect other agents’ attributes and to what degree. In this regard, interviews from the fieldwork 
phase provide the foundation for changes of attributes in the system. Within the school network, 
the head teacher has relationship ties with teachers, pupils, School Support Officers, and 
community members (represented by the School communities). To illustrate how a change in 
attribute is executed, Equation (2) shows the initial state for the attribute ‘job satisfaction’ of the 
agent ‘headteacher’. Because this is a DTMC model, each attribute change is modelled based on 
the previous time-period so in this case, all changes are dependent only on the system state at a 
specific time.  
 
 
JSint-ht (t+1) = wht. intraht-ht (t). ∑ job-satht (t) + wt. intert-ht (t). ∑ job-satt (t) + wgov. intergov-ht (t). 
job-satgov (t) 
 
Equation 2. Headteacher’s job satisfaction calculation 
 
where JSint-ht (t+1) is the headteacher’s job satisfaction in the time-period t+1. All other terms 
represent the relationships of the headteacher with other stakeholders i.e. wt82 is the weight for the 
intra-relationship between the headteacher and his/her colleague at a particular time (intraht-ht (t)), 
and the term ∑ job-satht (t) is the mean value of other headteachers’ job satisfaction at time t. 
Similarly, other terms represent the relationships and corresponding job satisfaction levels of 
teachers, and the local government officers (represented by school support officers) at time t. All 
weights add up to one.  Within the SIPM, this is executed in the format shown below (Figure 7.7) 
 
                                                 
82 Weightings are determined based on sensitivity tests in Section 7.5.3. The ideal weight is decided based 
on consultations with key informants and modelling practitioners, and the combination that best reflects 
the dynamics/observations of the real system.  
(2) 
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Figure 7.7 Calculation for headteacher’s job satisfaction levels 
 
The figure above shows the relationships between select agents (as pertains to a headteacher’s job 
satisfaction level), coupled with the relative strength of influence each agent’s influence on the 
headteacher (this is evenly distributed for the test case). At initiation of the model, the 
headteacher’s closest ties are with two other agents; the teachers and the school support officer. 
Thus, their job satisfaction levels will have a direct influence on the headteacher’s. The is also 
modulated by the strength of the relationships between the headteacher and the other agents. 
Figure 7.7 illustrates the baseline interactions between the attributes and relationships, however, 
over time, additional layers of feedback are incorporated into this function. For instance, the 
motivation and perseverance levels for each agent directly affects job satisfaction levels (note that 
attributes are weighted differently). It is executed as follows in Figure 7.8 (for the full list of 
attributes and feedback loops, refer to Appendix 3). 
 
 
Figure 7.8 Calculation for change in headteacher’s job satisfaction 
 
This figure illustrates the other factors that matter to the headteacher’s job satisfaction level. In 
this case, other things matter, and those things are all connected in a feedback loop. Interestingly, 
this makes it difficult to point out a specific starting point. Here, agents being paid, the degree to 
which they are willing to tolerate difficult working conditions (i.e. perseverance), self-efficacy, and 
their inter- and intra- relationships define the agent’s motivation levels. The weightings for each 
of these factors are determined based on consultations with key informants.  The perseverance 
attribute is defined by if agent’s are paid, their support for the programme, and the availability of 
the other opportunities (weightings are also informed by conversations with stakeholders). These 
factor are all considered important and influence the job satisfaction level of an agent.  
 
 162 
b) Change in relationships 
The changes in relationships mirror the three vector changes described earlier (they may improve, 
worsen or stay the same). The rule governing this change draws on concepts of structural balance, 
and homophily from social network theory to aid in modelling the SIPM (Heider, 1958; Davis, 
1963). Structural balance refers to the likelihood of forming positive or negative relationships. It 
assumes that agents will form two positive ties (with friends of friends, and enemies of enemies) 
and one negative tie (with friends of enemies). Homophily proposes that agents are more likely to 
form ties with individuals similar to them. As applied to the SIPM, aspects like agent proximity, 
perception of expertise, and affiliations are used to model the social network. This accounts for 
the closer relationship of agents belonging to the same school, and the frequency of their 
interactions. To initiate the model, a linear combination of time, homophily, and structural balance 
is used to model the relationships (the relationship between two teachers, a and b is shown in 
Equation (3) below 
 
 
 
 
Equation 3. Relationships between teachers 
 
where Rint-ab (t+1) is the strength of the relationship between two selected teachers, a and b at 
time t+1. The set of all agents in the teaching population is represented by the term S. The 
structural balance is weighted (wsb)83 and multiplied by the average strength of the relationships 
for all the teachers in the set S. The terms intraac (t) and intrabc (t) are the relationships between 
teachers a, b, and c in time-period t. In addition, the magnitude of the effect of these interactions 
is diminished by the weakest of the relationships between teachers, min. To measure homophily 
between teachers, there is a weighted component (wh) and hab is the level of homophily84. All 
weights add up to one. This represents all intra-relationships (occurring on a relatively equal 
footing). It is executed as follows in Figure 7.9 
 
 
                                                 
83 The Model Validation section (7.5.3) expands on how the weightings are determined based on sensitivity 
tests. 
84 The range of homophily is discussed under sensitivity tests in section 7.5 
Structural balance Homophily 
Rint-ab (t+1) = wsb . avg{ S [intraac (t). intrabc (t)]. min {|intraac (t)|, |intrabc (t)|}} + wh . hab (t) 
kES\{a,b} 
(3) 
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Figure 7.9 Intra-relationships between agents 
 
Figure 7.9 defines how bi-direction relationships occur using the intra-relationships between 
teachers at initialisation (i.e. when the model first starts running). For relationships amongst peers 
(intra-relations), an aggregate value is collected which represents the average relationship quality 
of all teachers. Structural balance and homophily operate as defined above and incorporate the 
principles of how social networks function. Here, sensitivity tests are conducted to determine the 
weight distributions that optimally reflect the real systems. In a practical sense, changes to the 
weightings are not embedded in the code but rather, can be manipulated on the interface so the 
user can observe the effects. However, as changes occur in the system, intra-relationships85 are 
influenced by additional factors. The history of relations, as well as current perception of 
colleagues (based on the self-efficacy, job satisfaction and support for programme of co-workers) 
is layered over the current state of the variable (shown below in Figure 7.10) 
 
 
Figure 7.10 Changes in intra-relationships between agents 
 
The code in Figure 7.10 functions as variable storing information on the history of the interactions 
between agents of the same kind, as well as how changing perceptions amongst colleagues (of each 
other) influence those relations. Here, the cumulative history shapes interactions more than 
current perceptions – this weighting produced the most reasonable reflection of the real system. 
However, when moving between levels (from teacher to headteacher for instance), the social 
network effects are modelled differently because this is not a peer to peer level interaction.  The 
relationship change between a headteacher and teacher is presented in Equation (4) below 
 
      Rchange_headteacher-teacher (t+1) = wheadteacher . SS_headteacher (t) + wteacher . SS_teacher (t) 
 
 
 
Equation 4. Bi-directional relationships 
                                                 
85 Relationships between agents of the same categories (amongst teachers). In contrast to inter (across 
groups) e.g. headteacher to teacher 
leadership 
ability 
(4) 
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where Rchange_headteacher-teacher is the internal probability of change in the relationship between the 
headteacher and teacher at time (t+1). The SS_ function follows the logic presented above. The 
overall relationship is affected by the leadership ability of the headteachers and the weight, 
wheadteacher is set at 0.8 (the bi-directional relationship is weighted more towards the headteacher). 
The social network structure is further discussed in Section 9.3.3. 
 
c) Effects of resource flows 
 
In the SIPM, resources refer to money, information or any other precious entity in the system. 
These resource flows are modelled through the relationships between agents at the school level 
(see Figure 7.2) and are impacted by the strength of agent relationships and the attributes of agents. 
The implementation of ESSPIN is heavily dependent on resource allocation and release at the 
state government level, and the priorities at this level, are reflected within the SIPM. However, 
agents in the SIPM have little ability to influence those particular flows. Consequently, the 
decision-making process for budget allocations is not explicitly modelled in the SIPM. Rather, 
outcomes of those decisions become the starting point for agents and have ripple effects as 
allocations change over time. The analysis carried out in Chapter 8 discusses how these decisions 
are factored into defining the acceptable zone. Equation (5) presents the flow of 
information/knowledge – in the form of content or pedagogical training, and professional 
development on the skill-level of teachers.  
 
RFskill-level (t+1) = wteacher_a . rel(t) . teachera(t) + wtraining. Govtraining(t) . teacherb(t) 
 
 
Equation 5. Resource flows from government investments to teachers 
 
where RFskill-level  represents the teacher’s skill-level at (t+1). In the first half of the equation, the 
first term, rel(t), is for the relationship between two teachers, a and b at time t, with wteacher_a 
representing the weight and teachera(t) is the skill-level of the teacher. For the second part of the 
equation, Govtraining is the function for the funding provided for teacher training and wtraining is the 
SS_agent (t) =  
 
+1; if agentx(t) – agentx(t-1) > 0 
0; if agentx(t) – agentx(t-1) = 0 
-1; if agentx(t) – agentx(t-1) < 0 
 
teacher 
a:b 
skill-level self-eff & sup 
(5) 
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weight at time t. Here, the average of two attributes, self-efficacy and support for the programme, 
for other teachers participating in the training are factored in with the term teacherb. All weights 
add up to 1. These equations are consistent with the overall structure of change described i.e. 
changes to the attribute of an agent is affected by: its own attributes, its relationships with other 
agents, and the attributes of those agents. The equations also account for variation in the quality 
or frequency of the training provided at different points during the intervention. The flow of 
money for teacher training purposes is executed as follows (in Figure 7.11 – first for the selected 
teachers, and then to their colleagues).  
 
 
 
Figure 7.11 Effect of resource flows on SIP training component 
 
The code in Figure 7.11 shows that financial investments have a direct impact on the training 
provided to teachers/headteachers and influences the behaviour of learning. Here, self-efficacy 
and support for the programme are the primary defining attributes (and becomes the level of 
enquiry for each teacher). The interactions they have, the quality of the teacher trainers, how 
effectively knowledge transfer occurs, and finally, external factors which has to do with financial 
investments made by the government. Other resource flows are modelled similarly and tied to the 
various SIP activities occurring in the SIPM (see Appendix 3).  
 
With the agents’ behaviours, relationships and attributes documented, the conceptual model has 
been defined and the three sub models of the SIPM can be constructed. The SIPM will necessarily 
go through multiple reiterations and tests to ensure robustness before any research analysis can be 
conducted. To this end, the pilot phase of the implementation of ESSPIN will be treated as a test 
case for the SIPM. This will be the first version of the SIPM, and it shall be utilised to conceptually 
and technically validate the model. Here, the behaviours and interactions of agents have been first 
been formalised and set up using equations. As the model is scaled up, decision rules such as ‘if-
then’ logical operations are built into the model. This makes the modelling approach more flexible, 
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as well as consider the individual variations in behavioural rules. The next section shall present the 
model validation of the first version of the SIPM. It compares the performance of the model 
against data for the real ESSPIN intervention, and tests the balance of weights in agent 
relationships and attributes. 
 
In this section, the baseline state of the model is established and tested for internal variability. This 
foundation is based on a set of assumptions categorised in two main groups. Assumptions based 
on: (i) the ESSPIN theory of change, and (ii) the model’s parameters of change. The theory of 
change is the whole basis of the ESSPIN intervention and the SIPM model. It assumes that: 
 
 strengthening the capabilities of headteachers (via training processes) will lead to better 
management of schools 
 training the teaching force will improve the quality of teaching 
 having more engaged communities will translate to more inclusive practices and support 
to schools and pupils 
 schools with continuous self-evaluation and development planning processes will improve 
utilisation of limited resources 
 increasing the capability of the state and local governments (by providing financial and 
technical support) will lead to better long-term planning that will improve all school level 
components of the intervention.  
 
These assumptions are the bedrock of this project and they constitute some of the fundamental 
research hypotheses the SIPM addresses. As such, it is necessary to keep them in order to have a 
working model. In fact, the failure of these systems to deliver the desired outcomes based on these 
assumptions is considered an important and useful area for analysis moving forward. The second 
group of assumptions are more tractable and open to adjustments. They are based on the 
parameters governing change in the SIPM (presented in the change equations). Here, the strength 
of relationships (and consequent ability to influence), the importance of particular stakeholder 
attributes to the sustainability of the intervention, how long it takes for attribute levels to change, 
and the dampening effects exhibited by the S-curve pattern of learning are all re-considered. 
Sensitivity analyses are conducted to establish a reasonable baseline and estimate the most suitable 
weightings for the change equations, and granularity of time periods. 
7.5 Model validation: stochasticity analysis 
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7.5.1 Baseline test 1: without resources 
At this stage, the SIPM is populated with agents with established relationships that guide all 
interactions. However, for the baseline analysis, agents are not carrying out any SIP activities i.e. 
there are no resource flows in the system (i.e. training and salaries are not included); these activities 
are gradually modelled in to observe its impact on the system. At initiation, agents’ attributes are 
set up in a random uniform distribution within a specified range (2 to -2). The actual numbers on 
the scale are inconsequential; it is the relative change in the attribute levels across time periods that 
defines the success or failure of the intervention.  It is modelled so that there is a steady decline in 
agents’ attributes as the model runs – this is considered a reasonable expectation for the general 
populous. The deterioration in attributes is centred around (i) a defined rate of decay and; (ii) the 
individual’s dissatisfaction with the state of affairs (perception of programme), which is magnified 
by the interactions between colleagues (perception of colleagues). A lot of the changes observed 
at this point are due to the intra- and inter-relationships in the system. Here, the strength of agent 
ties is based on a combination of history86, reciprocity, intensity of interactions (highly correlated 
with distance), and influence of the SIP. These elements are represented as attributes connected 
in a feedback loop which contributes towards positive/negative states, and relations of agents. The 
first sensitivity tests (presented in Figure 7.12 and Table 7.4) examine agent inter-relations and 
performance at baseline. 
 
 
Figure 7.12 Change in performance and relations of agents over time (with no resources) 
 
                                                 
86 Consistent with DTMCs, this is a variable that contains the accumulation of all the past states of the 
specified attribute. 
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Figure 7.12 shows how the performance of three agents (teachers, headteachers and school 
support officers) deteriorate over time with no resources. At initiation, the system is slightly 
positive with strong relations (an averaged value for inter-relations between all agents). It is based 
on the natural distribution of the quality of agents in the system (good, average and poor). 
However, with no support, the performance in the system deteriorates rapidly. Here, the feedback 
loops act to amplify positive features (increase change over time) and dampen negative ones 
(stabilisation). Agents perception of the programme and their colleagues feed into their 
performance which gradually declines. This deterioration goes on to reinforce the cycle; relations 
worsen as agents continue to perceive this negative trajectory and become more dissatisfied with 
the system. Tests were also run to study how the strength of agent ties influence this observation 
(see Table 7.4 below). 
 
 
Table 7.4 Agent inter-relations and performance at baseline 
No of 
iterations 
Strength of 
tiesc 
Mean inter-
relations 
Mean performance of stakeholdersd 
teachers headteachers 
school support 
officers 
100 0.1 -0.60 -0.35 -0.36 -0.35 
100 0.3 -0.67 -0.36 -0.37 -0.37 
100 0.5 -0.75 -0.39 -0.40 -0.38 
100 0.7 -0.86 -0.41 -0.40 -0.41 
100 0.9 -0.91 -0.41 -0.42 -0.42 
c Based on the structural balance concept defined in Section 7.4.4 
d Performance here is defined as the averaged sum of three agent attributes (self-efficacy, support for    
programme and job satisfaction) 
* homophily is held constant and is relatively high for these stakeholders 
 
Table 7.4 shows that a gradual increase in the strength of agent ties also increases a negative 
response across the board. The system is already in a negative state and so it is reasonable to expect 
a quicker spread of dissatisfaction when agent ties are stronger. Thus, the system is pushed into a 
steeper rate of decline. While individual agents’ performance deteriorate at different rates 
(depending on the individual), the overall impact of this is greater when agents have close bonds 
(and vice versa). However, there are further nuances in the character of relationships underneath 
this general dynamic: 
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a) Relationships do not matter equally. There are three levels of interactions. Within a group, 
interactions occur among peers and are straight-forward and bi-directional exchanges. In 
contrast, across groups (school support officers to teacher for instance) the relationship is 
weighted more one way i.e. the higher ranking agent often has a greater influence in an 
interaction.87 Consequently, any exchange between agents from different groups is slightly 
skewed towards the more ‘senior’ agent. However, for the purpose of sensitivity tests, 
these weightings were shifted to test for impact – it did not produce significantly different 
results.88  
b) The number of agents in the system will have an effect on strength of agent ties. It has 
been proposed that the number of meaningful relationships an agent can have is limited 
(Dunbar, 1993; Hill and Dunbar, 2003) and this is true for the SIPM. Here, there are 
primary, secondary, and tertiary relationships within which the group number gradually 
increases as the programme is rolled out across the state. Primary relationships tend to 
exist within groups; homophily is high, distance is typically short, and duration of 
interactions longer. As the social circle widens, relationships form across levels, however, 
these ties are often more loosely connected and agents’ ability to influence others becomes 
diffused.  
 
7.5.2 Baseline test 2: with resources (periodically changing) 
The second part of the baseline analysis introduces resource flows into the system in two ways: (i) 
the economic climate (agents can perceive the economic environment, and this can influence their 
decisions to act on opportunities available to them), and; (ii) government spending – this 
determines how much is invested in education. Salaries, training programmes and all other 
components of the SIP are funded from this pot. Every year, the economy and budget is expected 
to change and this impacts on the consistency of salary payment, frequency of training and how 
much of the SIP will be implemented (tied to the release of funds are three critical thresholds that 
determines this consistency of SIP implementation). The cascading effects of these changes can 
be observed lower down in the system through the changes in agents’ performance and 
relationships. It is executed in the SIPM as shown in Figure 7.13. The code in this figure sets out 
resource flows through the system (fluctuating between good and bad periods). Overarching is the 
                                                 
87 This was observed during fieldwork and verified by key informants 
88 Probably because the system is already on a path of decline regardless of the quality of relationships. 
However, it should be noted that weak ties are not insignificant. 
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economic climate which is directly tied to the level of education funding available, and thus, 
teachers/headteachers pay, and  implementation of the SIP. Consequently, at any given point, 
there are multiple interactions and resource flows occurring i.e. teachers/headteachers might be 
paid or not, and implementation may be poor, staggered or comprehensive. These combination 
of factors shape the self-organisation of agents, as well as the evolution of the model as a whole. 
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Figure 7.13 Effect of resource flows on the SIP/agents 
 
These resource flows have direct and indirect effects on agents. The economic climate influences 
how much of the state budgetary allocation goes towards education89, and independent of that, it 
affects agents’ perception of opportunities elsewhere. Government spending has a more direct 
impact on the SIP (as stated above). As the sector allocation changes, the frequency and quality of 
training programmes, professional development activities, as well as learning materials provided 
also varies. The SIPM dynamics reflect this by creating a loop of positive and/or negative feedback 
via two attributes – motivation and perseverance. These go on to determine the overall 
performance of agents further down the line (see Figure 7.14). 
 
                                                 
89 Note: changes in percentage allocation does not necessarily reflect increase or decrease of monetary 
investment in the sector. 
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Figure 7.14 Change in performance and relations of agents over time (with some resources) 
 
In Figure 7.14 there is investment in the education sector and it has crossed a critical threshold 
allowing salaries to be paid in full and on time. However, while there are also resources for the SIP 
intervention, they are not included in the baseline analysis. It is assumed that in a perfect world, 
these funds would translate into a well implemented programme that would improve performance 
throughout the system. However, the purpose of this research is to understand and reflect on the 
dynamics observed in the real world where this translation has not been fully realised. Therefore, 
building a model that is reasonably consistent with the data sourced from ESSPIN reports is a 
primary objective at this point. As such, Figure 7.14 shows an education system in decline (albeit 
at a slower rate than in Figure 7.12), as well as greater fluctuation in performance because the SIP 
components are not yet incorporated, and simply paying salaries is not sufficient to delivering 
quality outcomes in the long-term. Accordingly, the next phase of modelling builds on this baseline 
by incorporating elements of the SIP to study the effect on the agents.  
 
7.5.3 SIP intervention analysis 
Drawing from the Composite Survey reports, this section will incorporate the activities 
implemented for ESSPIN (as it was carried out in practice) to the baseline state established. It will 
gradually move through the rolling out phases in both states, from 2012 to 2016. There are three 
main data points available: 2012, 2014 and 2016. This is a useful structure and it guides the 
development of the SIPM. The first phase (2012) is treated as a pilot case and sensitivity tests are 
carried out on the system in this state before progressively building up the SIPM. Results from the 
next two phases will be presented and discussed in the next chapter.  
 
 173 
a) ESSPIN 2012: Phase 1 
From 2011 to 2012, the two states selected a percentage of schools (7% in Lagos and 3% in 
Kaduna) as pilot cases to implement the first phase of the intervention. All components of the 
SIP) were introduced to these schools and communities over the course of two years.90 In a 
cascading sequence of activities, the school support officers were the first to receive training which 
was then stepped down to teachers, headteachers and School communities. A select number of 
teachers from each school received training on subject knowledge, and pedagogical skills, and the 
headteachers were coached on leadership skills and school management. The communities were 
advised on constituting a representative SBMC which included members from marginalised 
groups, and were also trained on strategies to mobilise resources (raise money) for school 
development purposes. After each training session (typically three to four times a term), trained 
teachers were expected to share what they learnt with their colleagues in an organised, formal 
session so that improved teaching practices could spread. Headteachers would conduct 
Professional Development Meetings (PDMs) for teachers, maintain good school records, and 
ensure that relevant measures were taken to support the SIP. Periodic inspections are carried out 
by the SSOs where they observed class lessons and reviewed school administration practices 
(attendance, accounting, SBMC and PDM sessions, teaching and learning activities etc). The 
school communities would participate in two to three meetings a term with teachers, headteachers, 
SSOs and pupils to discuss challenges faced by the school and steps to be taken. In addition, the 
School communities play a critical role in raising funds to meet any needs highlighted through 
these meetings.  
 
These activities are modelled into the SIPM with each stakeholder carrying out the responsibilities 
outlined above at the specified intervals. With these new behaviours introduced, the internal 
variance of the updated model must be estimated to determine the number of runs which would 
be sufficient to analyse the outcomes for the first few years. To have confidence in the SIPM 
results, it is important that the internal variance is relatively low. This process helps to define the 
parameter space for the model with every point representing a particular combination of values. 
Table 7.5 below provides a summary of the variances of a select set of variables for Lagos state in 
2012. Here, the average performance of headteachers made up of a combination of attributes (job 
satisfaction, self-efficacy, support for the program and leadership ability) are presented in Table 
7.5. 
                                                 
90 Parallel measures around organisational restructuring initiated and mid to long-term financial planning 
was also initiated at the state education board level.  
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Table 7.5 Mean and standard deviation of model outputs 
No of 
samples 
No of 
iterations 
Headteacher performance Budget 
release 
Running time 
(mins) Mean Std_dev 
100 100 10.41 0.125 
91.2% 
35 
1000 100 10.16 0.122 89 
100 1000 10.16 0.120 110 
  
The table above highlights the number of runs (iterations), and average results over that period. 
With this, the internal stochasticity of the model outputs can be reduced to the degree that results 
can be treated as almost deterministic. An average of 100 stochastic iterations constitute a single 
experiment (the mean from multiple runs), and 100 samples are taken to calculate the standard 
deviation in the model. With more iterations, the standard error decreases. However, it is worth 
highlighting that the individual runs from every experiment are often still highly variable, and any 
of these runs might more closely correspond to the real world. In general, the potential for variance 
in this system is relatively high because the implementation process in this environment was quite 
staggered and aspects of the SIP were not uniformly rolled out. As a result, it is difficult to 
determine exactly which components are buffered, and which are most influential. This uncertainty 
is captured using a function referred to as a ‘contextual factors’. Here the standard deviation is two 
orders of magnitude less than the mean. This is deemed a sufficiently low internal variance within 
the model to proceed. Accordingly, any subsequent changes to the parameters or variables will go 
through 100 iterations and the average value represents changes in the output. 
 
With this structure, the results of the model can be compared with average real world data on the 
implementation of the SIP.  Table 7.6 below show the results from the first phase of the SIP (pilot 
run) in Lagos and Kaduna states. The data represents over 200 schools with corresponding 
teachers, headteachers and School communities. 
 
Table 7.6 Comparison of Composite Survey evaluations and SIPM results for 2012 
SIP component CS1 Data Lagos 
Model 
results Std_error 
CS1 Data 
Kaduna 
Model 
results Std_error 
Effective 
headteachers 8.2% 8.4% 1.40 8.5% 9% 1.79 
Competent teachers 71.2% 70% 0.87 76.2% 74% 1.12 
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Functional SBMCs91 14.4% 11.3% 1.26 28% 31% 2.51 
School development 
plans 
8.7% 10.5% 0.29 1.4% 1.2% 0.23 
Quality Schools 7.4% 9.8% 0.59 1% 2% 0.37 
 
These results indicate that the underlying mechanics of the model captures the dynamics of 
stakeholders and resources in the system relatively well, and the standard errors sit well within a 
reasonable range – this is a good sign. Notwithstanding this, Dyke (1981) provides useful lessons 
on computational simulations modelled on human systems. The study notes that even when 
models produce desirable results, they may still exhibit one or two potential errors: 
methodological, and/or heuristic errors. In the first instance, methodological errors capture cases 
where model processes may become over-elaborated in an effort to replicate the real system. The 
consequence of this is that as the model grows more complex, it is increasingly difficult to ascertain 
the precise effect of each element. In the case of the latter, heuristic errors centres on the assertion 
that the model is an accurate representation of the system being studied. Every modeller must 
make assumptions in the process of building simulations but, it is important to note that observed 
similarities between the two systems does not necessarily mean that the same underlying principles 
are at work. It simply means that there is some degree of logical similarity between the processes.  
 
With these potential errors in mind, additional measures have been taken to reduce uncertainty. 
Specifically, the SIPM is re-calibrated using a range of assumptions (with extreme and slight 
variations) to see how the output is affected by differing the assumptions underpinning the model 
algorithms (see subsequent section). This approach is useful because the “artificial data” generated 
from models tend to be less fragmented and more complete than “real world data”.92 This often 
means that they can be used for more robust analysis. After this treatment, any similarities still 
exhibited by the SIPM results with the real world data (from the Composite Surveys) would be 
good indicators that within the limitations of the simulated system, the model can produce results 
consistent with the observed phenomena. As such, commonalities within the components can be 
identified and studied in a more complete manner. However, at the end of the day, every model is 
greatly dependent on the judgement and experience of the modeller. As such, a way of mitigating 
potential oversights of the modeller is to adopt a collaborative approach (as is the case for this 
                                                 
91 School communities  
92 This is a reasonable expectation because the rules and behaviours are more explicitly thought out, defined 
and then encapsulated in models.  
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research) whereby the stakeholders in the system and education practitioners are actively engaged 
throughout the modelling process. In this way they can act as a check on the validity of the model 
at each stage.  
 
b) Sensitivity tests 
As was carried out on the baseline state of the model, the first phase is also tested for internal 
variation of parameters that influence the SIPM results.  
 
The first test investigates the effects of changing the weights in the attributes of teachers. In this 
case (see Table 7.7 below), the weight is distributed between the teachers and trainers. The relative 
influence of each component is represented here using different increments; larger step sizes at 
the extreme ends of the spectrum, and smaller step sizes in the area of interest (closer to the 
middle). As mentioned above, even with the same inputs, probabilistic models can produce varying 
results over different runs, and so 1000 iterations are conducted and the mean is taken as a single 
run. The same sensitivity test is performed on all the agent attributes and every time step allows 
for a probability of change in a relationship/attribute status: improve, worsen or stay the same. To 
execute this, a uniformly distributed random variable (between 0 and 1) is generated with each 
time step for each agent relationship and attribute (U). This is then compared with the change 
probability vector in the following way: If U < Pimprove, then the relationship status increases. 
Otherwise, if U ≥ Pimprove and U < (Pimprove + Pstay), the relationship status remains the same. 
Otherwise, the relationship status will decrease in the next time step.  
 
Table 7.7 Weightings sensitivity analysis (attributes changes from training process) 
Weighting for 
teachers 
Weighting for 
trainers 
Mean learning 
(teachers) 
Mean competence 
level of teachers 
Std_dev 
1% 99% -14.68 -3.78 0.023 
10% 90% 22.07 5.41 0.016 
30% 70% 41.21 12.03 0.017 
50% 50% 87.16 24.19 0.118 
60% 30% 31.22 19.89 0.173 
80% 20% 18.23 43.09 0.333 
99% 1% -8.47 -0.11 0.221 
  
The results from this test show that the distribution of these weightings matter significantly. Each 
behaviour (in this case learning) is defined based on a fine, intricate and weighted balance of 
attributes of the recipients and providers of training programmes. For example, on the teacher 
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side, the learning process is dependent on their level of inquiry (a product of self-efficacy and 
support for the programme), and the quality of their interactions with their trainers. From the 
government-side, the abilities of the trainer and amount of investment in the capacity development 
process drives the improvement in teaching and learning. The teachers who participate in the 
training are expected to learn and step-down their training and so knowledge spreads through the 
system. Table 7.7 demonstrates that at the extreme ends of the spectrum, when one half of the 
equation is weighted as more or less null, there is a negative effect across the board. This is a 
reasonable expectation as both sides must be actively engaged in the process for the SIP to be 
implemented. Closer to the middle, the shifts in the weightings contribute differently to overall 
teaching competence and learning. As such, after an initial examination and elimination of the 
boundary conditions, the choice of the most appropriate distribution is a subjective one which 
relies on observations from the field.  
 
Consultations with key informants and subject matter experts provided more clarity on the degree 
to which teachers could develop capacity their own, and how much external support could 
substantially produce positive shifts in the system. There was unanimous consensus that efforts 
on the part of individual teachers could only go so far, improvements in teaching and learning 
would greatly depend on how much resources are invested. Results from the Composite Surveys 
also validate this choice. Consequently, a distribution ranging from 1:9 to 3:7 towards the 
trainers/government was considered reasonable (highlighted in the shaded segment of Table 7.7).  
Furthermore, this distribution in the SIPM more accurately reflects the figures reported in that 
evaluation. Overall, this test highlights that agents in the model are very responsive to slight 
variations in assumptions, thus emphasising the necessity of treating the model results with great 
care.  
 
Table 7.8 below summarises the sensitivity analyses carried out for the number of time periods. 
This test helps in determining the rate at which each attribute in the system changes over the 
course of a time step – change can occur in a positive or negative direction. In this case, the SIPM 
references Mital (2015) and sets the step size based on the amount of time it takes it attribute to 
reach its maximum level (a subjective decision that is not necessarily the same for all attributes). 
Here, the step size is determined by dividing the maximum value of the attribute by the time it 
takes to reach that value from zero. On average, a typical academic year runs from September to 
July (~9.5 months structured in three academic terms). The temporal scale for the SIPM accounts 
for the early phase of the intervention dedicated towards training the SSOs/Master-trainers who 
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would step-down training to teachers. This phase occurs prior to the start of the start of the school 
term. Accordingly, the SIPM is extended to account for the cascading processes of training and 
the time horizon for the first phase of the SIPM is set for 10 months of the academic year. 
 
Table 7.8 Time-period sensitivity analysis 
No of time periods Step size Headteacher 
effectiveness levels 
2 5.1 10.16 
6 1.7 7.58 
15 0.7 7.13 
25 0.4 6.98 
50 0.2 6.91 
100 0.1 6.88 
 
Here, the changes in variables is represented by the time step. As the model runs, the time-period 
increases, and the length of the time-step decreases. This is because attributes in this model can 
change from zero to its maximum or minimum level, and is expected to do so within the time 
horizon of the model. Therefore, a greater time step is expected within a shorter time horizon, and 
as the model continues to run, and the time horizon gradually reduces, the magnitude by which 
the state of a variable changes is expected to reduce. As the model is extended to the second and 
third phases of ESSPIN (more in the next chapter), times steps will vary within the time horizon 
to account for greater frequency of interactions – thus, during periods of high activity, time-steps 
will be further divided into weeks rather than months. For example, the time-step for curriculum 
development and capacity development processes for the school support officers/Master-trainers 
(occurring peripheral to the school) may be taken as one month whereas the activities taking place 
within the school involving teaching, stepping-down, community meetings, professional 
development sessions and overall school administration is modelled on a weekly scale. Further 
down the line, during term-breaks/holidays, a time-step may represent a month. 
 
As is the case with all models, the SIPM is a simplified representation of reality. It attempts to 
illuminate the implicit assumptions, rules and strategies stakeholders use, and make them more 
overt. The modelling exercise demonstrates that not all variables are of equal importance. 
Observations from the sensitivity tests show the points of inflection for the SIPM. It is clear that 
7.6 Summary 
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decisions made at this stage go on to shade the results as the model is scaled up and out. As such, 
the key informants and subject matter experts offer one of the most reliable validation checks, 
which is then triangulated against the programme reports. On a more general note, these tests 
highlight the strengths and limitations of this research approach; while it is conceivable possible 
to build a nuanced and context specific model depending on the quality of data available, some of 
the processes that produce these changes are so indirect, it is often a challenge to accurately 
recreate those processes in exact detail. Overall, this observation is a useful one because it allows 
for some freedom in analysing acceptable states further down the line without representing the 
exact threads that weave to create the effects precisely. 
 
This concludes the model design and development phase of the research. With this foundation, 
the model can be extended for the next roll-out phases of the SIP in Lagos and Kaduna states 
using data points for 2014 and 2016. The process has involved building, testing and validating the 
SIPM to ensure results can be treated with confidence. Taken in conjunction with the analytical 
framework presented in Chapter 6, analysis of simulations and results of the SIPM can be applied 
to the ESSPIN intervention, and its impact over the subsequent years.  
 
 
 
8. School Improvement Programme Model (SIPM) 
Chapter 8 is the culmination of the complexity concepts discussed in Chapter 2, the experiences 
of stakeholders presented in Chapter 5, the conceptual frameworks presented in Chapter 6, and 
the SIPM structure developed and tested in Chapter 7 to model the next four years of the SIP 
intervention. It presents the results from the model and proceeds to analyse the implications and 
findings. An important objective of this research has been to explore the opportunities presented 
by agent-based models in studying real social systems, in order to gain insights on how 
development programmes might impact those systems. Accordingly, having developed a working 
model (the SIPM), it can be extended beyond the formal boundaries of the ESSPIN intervention 
(i.e. within the sphere of the SIPM), and the environmental/implementation conditions can be 
changed in specific and controlled ways to observe its effects on the system. Thus, this study 
moves beyond reproducing historical states and attempts to anticipate how changes to the current 
state of affairs can shape the outcomes of development projects.   
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Structured in two sections, the first utilises the Adaptive Dynamics framework (Bennett, 1976) to 
categorise behaviours and study its effects on the system. Here, primitive strategies and their macro 
effects on the system are identified. As these effects emerge and initiate other responses, the 
dynamics of the system is revealed more clearly; specifically, how behaviours in one part of the 
system have implications in another part, and the degree to which the different parts contribute to 
the whole. With each test, some context is provided to link the results of the SIPM to events in 
the real world. In the second part of this chapter, the ESIM framework (Mital, 2015) provides a 
structure to estimate the probabilities of success (i.e. sustainability) of the intervention.  The gaps 
between the Acceptable Zone (the “ideal” state) and actual performance of the SIP is presented, 
and then used to calculate the overall fitness of the system.  
 
For the second phase of implementation (2012 to 2014), roughly 60% of schools in Lagos and 
26% of schools in Kaduna were receiving components of the SIP intervention. The evaluation 
criteria of the programme at this point were updated and the indicators constituting ‘quality’ in 
some of the categories (teacher competency and good school quality) became more rigorous. The 
SIP components are measured using indicators identified and defined in ESSPIN’s logframe. 
These are referred to as ‘composite indicators’. They set the standards for school management and 
are summarised below: 
 
 Headteachers are deemed effective if they engage in a set of practices including ensuring 
schools adhere to a regular schedule, observe teachers’ lessons, monitor attendance, run 
professional development meetings for teachers, and keep records.  
 Competent teachers are expected to utilise teaching aides, positive reinforcement 
techniques (praise rather than reprimands), and show some knowledge of the English or 
mathematics curriculum. Under the stricter version of the competence standard, teachers 
must score at least 50% in numeracy and English literacy tests.  
 SBMCs are functional if they meet regularly, visit the school, have women, children and 
other excluded groups represented on the committee, work with the community, 
traditional or religious institutions and/or other SBMCs. They are also expected to interact 
with the Local Government Education Authorities (LGEAs) and conduct awareness 
8.1 ESSPIN Phases 2 and 3 
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raising activities to promote education. Ultimately, one of the most significant indicators 
of a functional SBMC is its ability to raise and contribute resources to the school. 
 School development planning is based on schools demonstrating that they have a School 
Development Plan (SDP) set out for the current year which should contain three or more 
activities to strengthen teaching and learning. They must provide physical evidence that 
they have carried out at least four activities from the SDP and that the school has 
conducted self-evaluation processes for the current school year. In addition, schools are 
expected to have an up-to-date cashbook which has been balanced in the last 60 days. 
 The overall quality of a school is determined by the effectiveness of the headteacher, 
competence of its teachers, functionality of the SBMC, and school development planning 
effectiveness. All these components must meet the quality standards set out in each 
category for the school to considered of good quality. In addition to the criteria mentioned 
above, in the following section the school quality measure is adjusted to reflect the learning 
outcomes of pupils in schools. 
 
These stricter measures of quality (for teachers and schools presented above) have a significant 
effect on the Composite Survey data, and corresponding adjustments were made in the SIPM 
critical threshold for agent performance to produce the results shown in Tables 8.1 and 8.2. 
 
 
 
 
Table 8.1 Comparison of Composite Survey evaluations and SIPM results for 2014 
SIP component 
CS2 Data 
Lagos 
Model 
results 
Std_error 
CS2 Data 
Kaduna 
Model 
results 
Std_error 
Effective 
headteachers 
54.6% 57% 2.7 10% 10.2% 2 
Competent teachers 55.8% 53.9% 2.3 18.6% 15.8% 2 
Functional SBMCs 81.1% 80.5% 1.9 25.8% 22.4% 2.5 
School development 
plans 
19.7% 17.2% 2.1 2.1% 1.1% 0.5 
Quality Schools 28.2% 24.6% 1.7 0.1% 0% 0 
 
By 2016, all schools in Lagos had been implementing every component of the SIP. In contrast, 
none of the schools in Kaduna were actively implementing the SIP (the programme was halted by 
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political instability that prevented budgetary approval by the state education board). An additional 
discrepancy between the states is the scale of the programme which differs greatly (1,011 schools 
in Lagos compared to 3,155 in Kaduna as of 2016). However, notwithstanding this, all schools in 
Kaduna have received at least one year of the full intervention package over the past four years. 
At its highest implementation point (2014/2015), 74% of schools in the state were receiving the 
full SIP intervention. Table 8.2 presents results from the SIPM for the roll out of the last phase.  
 
Table 8.2 Comparison of Composite Survey evaluations and SIPM results for 2016* 
SIP component 
CS3 Data 
Lagos 
Model 
results 
Std_error 
CS3 Data 
Kaduna 
Model 
results 
Std_error 
Effective 
headteachers 
36.4% 34.5% 3 3.4% 6% 1.8 
Competent teachers 66.8% 55.6% 2.8 21.2% 21% 3 
Functional SBMCs 84.1% 86% 1.9 46% 46% 3.4 
School development 
plans 
21.7% 22.8% 2.7 4.6% 5.2% 1.9 
Quality Schools 34.8% 31.2% 2 0.4% 0.3% 0.02 
*Financial records for the SIP in Kaduna were unavailable for 2015/2016. However, although results from the 
programme indicate that there was an increase in funding (based on improved performance) it is difficult to 
ascertain how much was released for that period. Therefore, this phase was modelled based on the funds released 
for the previous year. 
 
These results (from Table 8.1 and 8.2) show that in most cases, the SIPM slightly underestimates 
the effects of the intervention. However, the dynamics captured by the model continue to appear 
reasonable and the SIPM produces results consistent with the Composite Surveys with one major 
exception – not one school was able to meet the minimum requirements of a quality school in 
Kaduna for Phase 2 of the SIP.  From 2012 to 2016, there has been a general trend of improvement 
across the board in Lagos. However, the stricter measures introduced for teacher standards 
resulted in fewer competent teachers in the state. In contrast, while Kaduna also shows 
improvements in SBMC functionality and school development planning, there has been a negative 
shift in the quality of headteachers, teachers and overall school quality.  Interestingly, even with 
the original standards (used during the pilot phase), teaching quality in Kaduna showed a decline. 
This indicates that the implementation environment has grown more challenging over the years.93  
                                                 
93 For a broader sense of how changes in teaching competency criteria and the overall quality measure of 
schools relate to the performance observed in the model, time was taken to investigate the difference 
between the old and new requirements. The SIPM was calibrated with the original set of criteria and the 
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To initiate this test, the system is calibrated to begin from the end point of the implementation of 
Phase 3 of ESSPIN. Two main variables will be manipulated to observe the effects on the 
intervention; amount of financial investment and pupil enrolment rates. The first, financial 
investment is a very good proxy for political shift and policy priorities. It determines how much 
of the SIP components will be implemented, at what intensity, as well as the scale of coverage. It 
also affects how many schools are allocated to each school support officer – under the current 
structure of the SIP, the school support officers workload is spread across multiple schools.  In a 
similar way, the pupil to teacher ratio will also have a significant impact on the quality of education 
delivered in schools. Importantly, it should be noted that there is a distinction between the quality 
of education and school quality. ESSPIN’s criteria for a quality school have been defined in Section 
8.1 and although highly correlated with learning outcomes, they are somewhat independent of it. 
Under ESSPIN’s theory of change, it is assumed that these improvements will ultimately yield an 
improved quality of education. While there are many other factors that affect the quality/systems 
of education delivery, only two have been chosen. These two have been selected because they 
capture the significant influences in the sector; funding makes it possible for the government to 
carry out any number of programmes (i.e. the “supply” side). It is tied to the economic tide of the 
each state and the country, as well as international support to the sector specifically. On the other 
hand, pupil enrolment affects how far those resources can go in the system (on the “consumer” 
side).  
 
In the following section, a set of scenarios with different conditions will be presented and analysed 
using the framework provided by Bennett’s adaptive dynamics (discussed in Chapter 6). These 
scenarios will be created based on the two main variables highlighted. It is relevant to note that 
the conditions presented below are not unrealistic (even at the extreme ends of the spectrum). 
They have occurred in multiple cases across the country over the past decade. Results from the 
SIPM are presented below and further discussed.  
 
                                                 
results compared with the updated requirements. With the exception of teacher competence in Kaduna, 
other components crossed the quality threshold with laxer requirements.  
 
8.2 SIPM exploratory tests 
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8.2.1 Performance based on financial shifts 
As discussed in Chapter 2, budgetary decisions are made at the state government level. These 
decisions go on to produce effects that may be immediate, delayed, sustained or multiplied. As 
they ripple out through the SIPM, activities and behaviours are triggered in agents who can sense 
and benefit from available resources. The direct implication of this is a more comprehensive and 
consistent implementation of the SIP and vice versa. Indirectly, these effects can be observed 
through increases/decreases in agent attributes to do with perception of economic opportunities, 
job satisfaction and support for the programme (operating through a feedback loop).  
 
In terms of the direct effects of funding, there are two important factors. Coverage of basic 
overhead and human resource costs, and implementation of the SIP. Accordingly, two thresholds 
are set for each in the SIPM. This is calculated based on the budgetary allocation for the year as 
well as how much of those funds are actually released. The priority for the state government is to 
ensure salaries and running costs are covered so that the system can function. After that 
requirement is met, funds can then be directed to the policies and programmes set out for the year. 
It also factors into the expansion or contraction of the number of agents in the system and their 
corresponding workloads (from the number of LGEAs implementing the SIP, to the amount of 
schools assigned to each school support officer). It is important to note that the School Feeding 
Programme (SFP) (discussed in Chapter 5) is also funded from the education pot thus limiting the 
potential resource allocation to the SIP. With regards to financial stimulus to the SIPM, the system 
is modelled on two critical threshold fronts (pay and provisions for the SIP). These events have 
cascading effects on multiple levels to reflect the minimal monetary requirements for agents to 
carry out their responsibilities, and the ultimate implementation of the intervention. The 
conditions guiding the critical thresholds are outlined below 
 
• Condition 1: If the state budgetary allocation to the sector is less than 8%94 per annum, the odds of timely, 
consistent pay is low. This means that there are likely to be months when school staff are not paid at all, 
or they are paid late. The negative effect of this directly impacts on agents’ job satisfaction and motivation 
levels, and indirectly affects other attributes such as self-efficacy. An allocation greater than 8% means that 
one critical threshold has been crossed and agents can expect consistent pay.  
                                                 
94 The value of 8% is based on the average percentage allocation to the sector. However, the actual number 
here can be arbitrary – it simply represents a point that triggers a binary effect in the system (sufficient or 
insufficient funds). 
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• Condition 2: For the SIP to be well implemented (with comprehensive coverage of all the components), the 
budgetary allocation must exceed 10%. At less than 10%, implementation is staggered (less money is 
allocated overall – fewer training sessions, SSOs assigned to more schools i.e. increased trainer to trainee 
ratios) and at less than 4% implementation is poor (and certain components might be dropped).  
 
In addition to the budget allocation, it is also often the case that not all the funds allocated are 
released. The amount made available to the agents/schools relative to the budget is referred to as 
budgetary performance. This frequently lies between 55% and 95%. Accordingly, with every 
academic term, there is a probability that the amount of money in the system increases or reduces. 
An increase accounts for instances where donors supply funds to facilitate the implementation 
components of the programme, and a decrease represents “unanticipated” shortfalls when funds 
have been allocated but not released (or when they have been re-allocated). Government 
investment is also influenced by another variable – the economic climate. It is quantified using a 
quasi-Likert scale with five settings from Excellent to Poor. In most cases, the economic climate 
sits on or below “Average” (except in extreme test cases). This variable also affects agents’ 
perception of opportunities outside of the education system. If this value is high they are less likely 
to persevere in their current position, i.e. they will venture out into other endeavours. Realistically, 
agents are unlikely to leave a “secure” job, even if it is a poorly paying one. They are more likely 
to dedicate more time to their private enterprise while retaining their position. However, the 
impact of this shift in priority is still reflected in the SIPM as an overall decrease in job satisfaction. 
In contrast, if the value is low, agents would prefer to remain in the system because they do not 
perceive better opportunities outside the system. With these conditions, the model is run with 
various settings (from high to low) for government investment.  
 
Due to word count and time limitations, the following Scenarios are primarily based on Lagos 
state and only makes a comparative analysis between the two states in specific areas where the 
SIPM produced significantly different results. For example, a major modelling difference between 
the two states is how education districts are organised. Structurally speaking, Lagos state schools 
are geographically very clustered (and in some cases, located close to government offices). This 
means that schools in the same district can often share resources and benefit from their proximity 
to state. In practice, this translates to shorter distances travelled by the SSOs to train 
teachers/headteachers, as well as monitoring teaching quality and the management of schools. It 
also means schools have access to a more reliable power supply. Moreover, government officials 
in power are not far removed from the implications and results of their actions. Although the 
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impact of this is not easily quantifiable or directly attributable, it nonetheless appears to play an 
important role in how SSOs, teachers and headteachers carry out their responsibilities. It likely 
also has some reverse effects in that school employees can look directly to those responsible for 
providing support to their activities.  
 
Comparatively, Kaduna state schools are quite spread out. In addition to hiking up the cost of 
coverage (SSOs have to cover long distances to train staff and monitor schools), this also makes 
it difficult to maintain consistency across districts. During tough times, it is easier to skip schools 
or sessions because they constitute additional trips. Although this structural arrangement offers 
some improvement to accessibility issues, without the corresponding financial investment, the 
desired impact of the programme is often undercut. In practical modelling terms, results from 
Kaduna follows a similar trend as the results presented for Lagos with one exception (discussed 
in Scenario 2 for brevity). As shown in Tables 8.1 and 8.2, Kaduna generally lags behind Lagos in 
terms of performance and tests. This trend is observed is in the Scenarios presented below where 
the performance of agents in Kaduna tend to sit three to four points below Lagos’.  Hence, the 
SIPM the main difference between the two states has been more about the degree of the lag, rather 
than dramatic differences in terms of the SIP.  
 
a) Scenario 1: Recurring low financial investment cycles 
As expected, none of the agents or schools meet the standards of quality under these conditions. 
For this analysis, it is useful to compare changes with the original baseline state on how the system 
operates without resources (Chapter 7, Section 7.5). As long as training is happening, even if 
infrequent, there will be agents (teachers/headteachers/SBMCs) learning something they other-
wise would not. Recall, the SIPM is built to account for decay in the skills of agents if their schools 
are not receiving any component of the SIP. To account for variation among the baseline of agents, 
the rate of decay varies – some drastically drop off while others retain varying measures of 
competence. The graph below (Figure 8.1) presents three of the main behaviours/activities of 
teachers: learning, teaching, and professional development (the mean value of the selected 
behaviours for all teachers in the system). Some activities such as stepping-down is not presented 
in the graph (there is a lag time from the period selected teachers receive training and share their 
knowledge with colleagues). Rather, the cumulative learning of all teachers is represented. Figure 
8.2 charts the level of financial investment in the system.  In this scenario, the number of pupils 
per teacher is set at the average cited statistic for Lagos public schools (38 pupils to 1 teacher) 
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(Bischler, 2017b) and the SSO per school allocation is 1 to 5 (as in Phase 1 of implementation). 
For this test it is modelled without any fluctuation.  
 
 
Figure 8.1 Lagos teachers' performance by activity 
 
 
Figure 8.2 Overall teacher and school quality & financial investment 
 
Figure 8.1 presents the general trend of teaching, learning and professional growth of teachers in 
the system. Figure 8.2 highlights the overall performance of teachers and schools, compared to 
financial investments. This figure shows the nuances of how the amount of funds available 
fluctuate over the months. At this level of financial investment, implementation ranges from 
staggered to poor. This means that in most of the schools, the intensity of implementation for 
each component has been drastically cut, and in some cases have been dropped altogether. In 
Figure 8.1, the attributes of teachers are all stagnating with teaching lagging behind learning. There 
are two reasons for this; firstly, sequentially, teachers have to first participate in the SIP training 
programme to show any improvements in their performance (at the teaching level). As per the 
adaptive dynamics framework, this illustrates a slightly delayed effect – it takes some time for the 
selected teachers to acquire new skills from the programme, and then effectively pass on their 
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knowledge first to their colleagues, and then down to pupils. Secondly, quality instruction in 
classrooms is dependent on much more than the teachers’ competence – it requires 
complementary support on other fronts. Thus, change is incremental. With no resources to improve 
school infrastructure, provide learning materials, or additional support to carry out activities on 
the school development plans, the teaching quality does not show any significant improvements. 
It is also worth noting that the normal (but still relatively high) teacher pupil ratio dampens the 
limited improvements that might have been observed. On the professional development front, 
programmes catering to the long-term career growth of teachers are not prioritised under these 
conditions. As a result, this aspect suffers. Moreover, at this level of investment, the payment of 
salaries every month is inconsistent and often delayed. Although perseverance levels of agents are 
quite high (i.e. they continue to remain in the system), there is still a notable effect on job 
satisfaction. This effect is observed in the diminishing levels of professional development 
behaviour which is closely tied to the job satisfaction attribute. The overall competence level is a 
product of all these behaviours/attributes and in this case, average competence sits just barely 
above zero – no teacher meets the quality standard. Other agents in the system such as 
headteachers and SBMCs also perform similarly, contributing to the overall school quality.  
 
b) Scenario 2: unpredictable investment levels (high and low fluctuations) 
As already presented above, with little investment, the system behaves as would be expected – 
poorly. Agents at all levels of the system are handicapped and even individuals that may have the 
ability to perform relatively well are not able to realise this potential because other parts of the 
system hinder their efforts. In particular, there is a significant effect of funding on agents higher 
up in the system (at the administrative level) where mid to long-term plans are made. While the 
education board lobbies for its project, at the end of the day they are impacted by political priorities 
of the state government. When there is no money, plans are scrapped, and agents try to stretch 
out resources to keep the SIP afloat. With this observation, it follows that during periods of high 
investment, the education authorities are more likely to make long-term decisions such as 
recruiting more SSOs, restructuring school districts, opening up more schools, and even expanding 
certain components of the SIP the coverage beyond the scope of public schools (i.e. providing 
support services to Islamiyya Qur’anic and Tsangaya Education (IQTE) schools as was done in 
Kaduna). Recall that the SIPM is modelled at the school level and so for this test, shifts in financial 
allocation (to do with the economy) are explicitly programmed into the model. It is then run over 
a longer period where decisions are made to increase/decrease the number of school support 
officers and/or schools covered during high investment periods. In this way, the impact of 
 189 
decisions at the higher levels can be reflected and analysed in the SIPM. An additional implication 
of modelling at the school level is that some system responses (discussed in Section 6.2) at the 
bureaucratic/administrative level are not directly observable e.g. resource competition occurring 
at the ministry and education board, and action constraints from policy decisions regarding the 
financing of programmes such as the SFP. Nonetheless, the indirect cascading effects can be 
observed further down the chain. 
 
For this scenario, the performance of school support officers and the knock-on effects on the 
competence and effectiveness levels of their teachers and headteachers is the area of interest. 
Figures 8.3 and 8.4 presents six different financial cycles ranging from high to low (denoted on 
the graphs). There is one important element underlying this test – due to the high levels of 
fluctuations, agents have very little confidence in the stability of the system. In practical terms, this 
means there is a higher probability of random disruptions – i.e. sudden introductions or cuts to 
the number of agents in the system, as well as “seemingly” random increases/reductions in their 
workloads. There is precedence for this modelling choice; for instance, in Lagos (in 2014) over 
half of the headteachers who had received the full training components of ESSPIN over a two-
year period were suddenly retired – this corresponded with a significant cut to the education 
budget the previous year. So, in this case, while it remains true in the dynamics of the SIPM that 
agents will not voluntarily leave (because they have high perseverance levels), headteachers can 
still leave if they are fired, and more agents can come in if new headteachers hired. Another 
example comes from 2015 when the budget performance improved significantly and new schools 
were opened-up, helping to improve teacher-pupil ratios (by reducing teacher/headteacher 
workloads). During this period, the SFP was also scrapped, freeing up resources which could 
contribute to the implementation of the SIP. These are just some examples that demonstrate the 
complexity of/within the system, highlighting how multiple positive and negative forces push and 
pull the system in different directions.  
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Figure 8.3 SSO and School Quality – investment 
 
 
Figure 8.4 Average performance levels of headteachers, teachers and SBMCs 
 
 
 
 
 
 
 
 
 
Table 8.3 Quality breakdown 
SIP component Cycle 1  Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 
Effective 
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Competent 
teachers 
13.48% 22.72% 16% 0% 96.3% 46.28% 
Functional SBMCs 28% 53.6% 36% 24% 97% 79.3% 
Quality Schools 0% 0% 0% 0% 12% 7% 
 
 
 
 
 
 
 
 
 
 
 
In cycle 1 (illustrated in Figures 8.3), financial resources hover at ~7% (below the first critical 
threshold i.e. condition 1 is not met). Therefore, pay is inconsistent, and the implementation of 
the SIP is staggered. Here, SSOs are assigned the recommended average number of schools per 
SSO as established during the pilot scheme (five schools per trainer). Table 8.3 highlights the 
proportion of teachers, headteachers, SBMCs and schools that meet the quality requirements. By 
the next cycle, government investment increases to ~10%. This is a good sign for the intervention 
and in theory, there should be enough money in the system for the consistent implementation of 
the intervention. However, due to bureaucratic bottlenecks around the release of funds 
(Steenbergen et al., 2016), only ~65% to 95% of allocated funds is actually made available in any 
given cycle (this unpredictability is reflected in the fluctuations on the graphs above). Therefore, 
government investment is much closer to ~7%. Cycle 2 does meet condition 1 and the 
environment is not favourable for the implementation of the SIP. Notably, even though this is a 
(slight) quantitative increase in resources from the previous year, there is still a clear dip in SSO 
performance from cycles 1 to 2 (and again in cycle 3). This is a delayed effect from the previous cycle 
which can be attributed to a sequence of knock on effects; firstly, the accumulation of negative 
job satisfaction due to poor working conditions is now presenting more clearly in the performance 
of SSOs during this cycle. The combination of high dissatisfaction rates and less money in the 
system triggers what Bennett (1976) describes as an adaptive drift. Here, certain attributes (job 
satisfaction, support for programme and self-efficacy) are tied in strong feedback loop. These 
 
 
Table 8.4 Standard deviation –
quality of headteachers 
Cycle 1 1.76 
Cycle 2 0.81 
Cycle 3 0.88 
Cycle 4 0.78 
Cycle 5 4.53 
Cycle 6 2.40 
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effects working in tandem puts a greater burden on all agents than the individual costs to each 
(Aristotle’s principle of the whole is greater than the sum of the parts is at work here). When these 
attributes are in a negative state for a prolonged period, SSOs overall performance is affected by 
the low motivation levels due to inconsistent pay, uncovered costs and high workloads. Cycle 3 
maintains the same level of investment and the status quo is preserved.  
 
In Cycle 4 investment has dropped down to ~4%. This is well below the amount needed to sustain 
the system and the effect is immediate and sharp. Because agents were already performing poorly, 
this is enough to push the system to a new low. This response is referred to as buffering in the 
Adaptive Dynamics Framework (Bennett, 1976) whereby the accumulation of negative effects 
eventually overwhelms the system. However, there is one notable exception between this 
framework and observed effects in the SIPM. Bennett proposes that a control mechanism is 
triggered when the system is in this state. However, the tolerance levels in social systems differ 
greatly and control mechanisms can be very subjective and dependent on stakeholders’ perceptions 
of the system. As a computational model at the school level, the SIPM does not initiate these 
control mechanisms. Detrimental or positive strategic designs for the SIP is decided higher up in 
the system whereas the agents in the SIPM make decisions based on existing conditions. 
Accordingly, within the SIPM strategic designs are presented as influxes or cuts to funding, which 
can be attributable to improvements in the economy or changes at the administrative level. These 
factors are used as inputs/departure points for the SIPM. It does not differentiate between these 
two occurrences – it simply registers that there is more or less money with which to implement 
the SIP. In this test, Cycle 5 does begin with an increase in funding (although the SIPM does not 
differentiate as to the reasons why; it might be in recognition that this specific response is required 
to improve the state of the system, or it could be a coincidence). Agents in the system respond 
very positively to this change. Benefiting from ~15% of the budgetary allocation, the sector is in 
a better state with agents paid in a consistent and timely fashion, and the SIP implemented more 
comprehensively (i.e. both conditions are met). Attributes shift from negative to positive states 
and this is reflected in their overall performance. However, it still takes some time for overall 
school quality (which represents the combined efforts of all the teachers, headteachers and SSOs, 
as well as performance of learners in the classrooms) to show improvements. Here, more money 
does not directly negate the accumulated deficit. In this sense, improvement in school quality 
requires multiple and simultaneous measures – a longer and more intensive process.  
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In the final cycle, government investment falls to 10%, meeting condition 1 but not condition 2 
i.e. they are paid consistently but the SIP implementation is staggered. As a result, there is a dip in 
agent performance but overall, they remain in a positive state with ~46% of competent teachers. 
Table 8.3 disaggregates the overall performance of agents and shows the percentage that crosses 
the “quality” threshold in each cycle. At the beginning of this chapter, Tables 8.1 and 8.2 were 
used to present how reasonably the SIPM can perform compared to the real world. Here, Table 
8.3 returns to that analysis to show that under these new conditions, schools do not meet the 
ESSPIN quality standards until Cycle 5. This gives a sense of how the model registers and 
translates the metrics of success guiding this programme. Table 8.4 provides even more detail - 
the standard deviation in teachers’ performance across all six cycles highlights that the system is 
highly unstable i.e. there is a great deal of variation among them. Unsurprisingly, the periods with 
highest levels of deviation coincide with the more “extreme” states of the system – when 
investment is unusually high or particularly low. During these periods, certain attributes may tip 
more strongly one way or the other. For instance, in Cycle 5, agents perceive that there are more 
economic opportunities available to them i.e. the bump in funding is tied to an improvement in 
the economic climate. And so, while many agents will perform better, some agents may choose to 
direct their efforts towards other money earning enterprises. Nonetheless, the overall impact is 
still a positive one in the system. 
 
Moving between levels – from SSOs to headteachers, teachers and SBMCs – the performance of 
these agents mirror their SSO quality and the level of investment as illustrated in Figure 8.4. 
However, the effect is somewhat dampened (not as high or low). This is because even though the 
quality of SSOs are significant factors in the performance of headteachers and teachers, many 
other factors matter. For instance, opportunities to progress in the system (outside the jurisdiction 
of SSOs), perception of economic prospects elsewhere, as well as pupil-teacher ratio are important 
determinants in the overall performance of agents. Moreover, similar to the mechanisms of school 
improvement, these teachers and headteachers are also influenced by each other in addition to 
other competing priorities. It is important to note that only a select number of teachers have direct 
interactions with SSOs. Consequently, the quality of the SSO is an indirect and somewhat 
secondary influence. They are primarily affected by the conduciveness of their working 
environment (relationships with their colleagues and headteacher, pay, support from the 
community). On the whole, they work with and learn from each other rather than the SSO 
(modelled as cooperative behaviour in the SIPM) and so the dampened effect observed between 
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levels is considered reasonable. Working in conjunction with the headteacher and SBMC, teachers 
are also the most closely tied to the performance of pupils.  
 
 
Figure 8.6 Average pupil performance 
 
Figure 8.6 shows the learning outcomes over all six cycles. At various points, pupils show 
improvements consistent with the S-curve pattern of learning, before stalling.  In the SIPM, their 
performance is modelled as a function of (i) the quality of instruction they receive, (ii) how well 
the school is managed, (iii) support from home, and (iv) their own inquiry level. As a result, 
performance tracks financial investment and the performance of all the other stakeholders in the 
system. It is worth noting that pupils in the SIPM are not active agents with regards to the SIP i.e. 
their contribution to the intervention is minimal (within the model and in practice). They are 
members of the SBMCs and in this way their opinions and experiences can influence decisions 
taken during those meetings. However, while they are very important in gauging the success of the 
SIP – as recipients of the programme, their performance in school indicates whether the 
intervention is working or not – they do not appear to be significant shapers of the SIP. As such, 
for this study, the researcher chose to model the SIPM with pupils as negligible actors in the 
system, but important indicators. This choice allows the model to be more tractable because their 
performance can be measured. It also simplifies an incredibly complex modelling process – 
quantifying the impact of conversations in SBMC decision making processes, and instead uses a 
single variable; how much/well pupils are learning.  
 
Amongst agents at the school level, headteachers are the most responsive to high investment cycles 
(Figure 8.4). In fact, during this period (Cycle 5), increases in headteacher quality is accompanied 
by a slight bump in overall school performance. This is because a more effective headteacher can 
put together school development plans and will be empowered to execute activities that can 
improve teaching and learning. Therefore, headteachers specifically can have multiplied effects – more 
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than any other agent, they have the strongest and most direct ties to teachers, SBMCs, SSOs, and 
the overall school management.  
 
In contrast, SBMCs are the least affected by fluctuations in the quality of other agents and 
government investment levels. This highlights the unique position they occupy. As the 
‘component’ that predates the SIP intervention, they have benefitted from it (because it has 
emphasised the importance of a representative committee, and they have been trained on 
fundraising), but are not dependent on it. In fact, if their capacity is built up to a certain level, they 
are the agents most able maintain competence and carry out their functions with limited 
involvement/investment from the government. As such, they are considered a critical component 
precisely because they can operate (relatively) independently from the government (illustrated in 
Figure 8.4 – SBMCs are least affected by budgetary dips but benefit from surges), and they can 
step in when the government falls short in providing resources to schools. As representatives of 
the community, the SBMCs have a vested interest in a well-resourced and performing system, and 
thus they actively contribute to keep the SIP afloat. In this way, with good investment in the SBMC 
component, they can have sustained effects on the long-term success of the intervention in this 
system. However, in so far as all agents are dependent on the government to get paid, all agents’ 
performance has very direct ties to investment levels. Lastly for this scenario, government 
investment triggers multiplied effects that ripple through the system. It affects all aspects of the SIP 
as well as the attribute levels of agents post initiation of the model.  
 
8.2.2 Performance based on enrolment rates 
These set of tests analyse how the system copes when additional learners enrol in schools. Scenario 
2 is a useful departure point – the fluctuations in financial investment presents a relatively realistic 
sequence. ESSPIN includes components to improve Education Data and Information 
Management Systems (EMIS) and this information is used to prepare Medium Term Sector 
Strategy (MTSS) papers. However, the allocation and release of funds often fails to provide 
necessary resources to carry out the proposals presented. As such, even in the best of times, it is 
very difficult to satisfactorily plan and accommodate the numbers of children schools are already 
anticipating in classrooms. The added and very real challenge of sudden swells in enrolment place 
a significant strain on the system which can be observed in Figure 8.6 below. However, there are 
also periods when pupil enrolment in a given school may drop (this is unusual in primary schools 
and more common at secondary level). There are two possibilities for lower enrolment rates: (1) 
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another school has opened-up and pupils have been reassigned (as was the case in Lagos in 2014), 
and (2) due to (safety) concerns children are withdrawn (insecurity challenges in the North has 
affected Kaduna enrolment rates in the past few years).95 While this latter reason does marginally 
relieve some of the burden on schools, it undercuts efforts to achieve universal basic education in 
states. Moreover, if the system remains under-sourced, pupils who remain in the classroom still 
lack quality. For this test, enrolment rates change with every cycle. 
 
a) Scenario 3: fluctuating enrolment rates (emphasis on increase) 
Three combinations are modelled to study the effects of changing enrolment rates coupled with 
financial fluctuations on the system.   
 
 Test 1: Figure 8.7 shows three cycles where financial investment is held constant (at a 
budgetary allocation of 8%), while enrolment rates fluctuate. 
 
  
Figure 8.7 Changing enrolment rates – effect on Teacher and Headteacher performance 
 
In Cycle 1 the PTR is high with an average of sixty pupils in every classroom. As with other 
scenarios, headteacher performance is on average better than teachers, however, the gap appears 
to be larger in this case. This is unsurprising because although both teachers and headteachers are 
similarly responsive to changes in enrolment, teachers are on the front line of conducting lessons 
and managing large classrooms. Therefore, there is bigger impact on their performance. By the 
second cycle, there is a notable improvement across the board as class sizes drop to twenty. 
                                                 
95 Increasing enrolment rates are tied to (i) population growth and (ii) influx of people moving away from 
regions with more intense conflict occurring.  
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Teachers’ in particular have sharp positive spikes for the practical reason that their workload has 
been relieved by more than half. With a PTR of thirty-five, Cycle 3 shows a deterioration in the 
quality of teachers (although on average better that in the first cycle). Interestingly, the 
performance of headteachers is at its highest point. Looking more closely at the data, this increase 
is a product of the interaction between two attributes (motivation and leadership ability) – an 
accumulation of improvements from the last cycle rather than an immediate response to the 
changes in the current one. Typically, schools with these PTR figures are considered a relatively 
well performing schools simply because the national average is so high. 
 
 Test 2: For the next test, changes are based on historical trends which show there has 
been an increase in both states since the inception of ESSPIN (17% in Kaduna and 4.9% 
in Lagos). It is layered over the conditions of Scenario 2 (fluctuating government 
investment levels).  
 
 
Figure 8.8 Rising enrolment rates 
 
In Figure 8.8, enrolment rates are steadily increasing as financial investment rises and falls. This 
test demonstrates instances of competing positive and negative effects in the system, 
simultaneously pushing and pulling in different directions. Here, high PTRs are pitted against 
increased government investment. The result is that overall performance of agents is not 
significantly different from Scenario 2 (Figure 8.4). In fact, it appears that the effect of money in 
the system is much greater, making it difficult to pick up the more nuanced effect of enrolment 
rates. Moreover, there is a saturation point beyond which increases in PTRs do not make a 
difference: the situation is already bad (Cycle 4, PTR – 75). However, one distinct difference from 
Figure 8.3 is that the slight gains in overall school quality from increased investment is lost in this 
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test. This shows that even positive efforts to improve implementation of the SIP are dampened 
because one critical aspect of school improvement has not been addressed.  
 
In this scenario, the difference between the two states (described in the beginning of Section 8.2.1) 
matters significantly. As such, the results for Kaduna is presented in Figure 8.9 below. 
 
 
Figure 8.9 Rising enrolment rates in Kaduna 
 
Figure 8.9 shows the performance of teachers, headteachers, SBMCs and overall school quality for 
Kaduna under the same conditions as in Lagos.96 The major distinction between the states in this 
test are the notable dips in performance from Cycle 2 onwards (these sharp dips were absent in 
other scenarios). While previous tests showed that Kaduna performed to a lower standard (on 
average, teachers and headteachers are two to three points below Lagos – see Figure 8.4), the 
general trend was consistent with results for Lagos tests. In contrast, this system appears to be 
more affected by changes to enrolment rates than finances i.e. in Figure 8.7, the effect of increased 
enrolment rates were more nuanced. However, as the state with more children enrolled in public 
schools, agents in Kaduna have significantly higher workloads, the effects of which are immediate 
on three specific teacher and headteacher attributes; self-efficacy, motivation and job satisfaction 
levels. Therefore, in this case, poor performance is more to do with high workloads than for 
instance, a perceived lack of professional development opportunities (although the two are not 
mutually exclusive). This test highlights a valuable question; is there a meaningful difference 
between the reasons why agents perform poorly if the results are the same? Behaviours from the 
SIPM show that it does. For instance, in this scenario, expanding the programme and/or increasing 
                                                 
96 The baseline PTR and enrolment rates are higher in Kaduna 
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pay would not fix the problem. The main difference would have to come from substantial increases 
to investment levels (which could perhaps be directed towards opening more schools to lower 
PTRs). This is demonstrated in Cycle 2 where a minimal increase in financial investments is not 
sufficient to mitigate the drops in quality due to high PTRs. Interestingly, even though the SBMCs 
are dealing with the same conditions, their performance shows less perturbations. This is 
reasonable because SBMC responsibilities are not directly affected by the increasing enrolment 
numbers. The effect is more indirect and dispersed through the system resulting in a general tax 
on performance but not sudden disruptions to their quality. In addition, school quality is also 
significantly lower than Lagos and even with better investment levels in Cycle 5, improvement 
occurs at a comparatively slower rate.  
 
 Test 3: this test studies how changes in PTRs (random or deliberate) impact on the general 
performance of the system 
 
 
Figure 8.10 Changing investment and enrolment rates on school quality 
 
Figure 8.10 reflects how positive and negative shifts in enrolments affects the performance of 
agents at the school level (Scenario 2 is still used a baseline). Here, the benefits from low PTRs 
have a strong impact on the system as a whole and can be discerned even with the effects of 
fluctuating investments – there are smaller perturbations within the general shifts. Most notably 
Cycles 2, 4 and 5 offer interesting insights. Cycle 2 begins with a slight increase in investment and 
a lower PTR. These two factors produce a minor uptick in teachers’ performance but it is not 
maintained over that period because neither of these changes are substantial or sustained. Cycle 4 
marks a clear drop in government spending which coincides with improved PTRs. Here, while the 
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positive effects from the PTR mitigate the negative impact of less resources in the system, it is not 
enough turn the tide on performance in the system.  
 
In Cycle 5 there is more money to implement the SIP allowing for an overall improvement. 
However, at the same time, PTRs have worsened, thereby diminishing the success of the 
intervention. These competing forces highlight a critical point in the system which can be observed 
through the changes in average school quality – that even with poor PTR conditions, if the 
financial stimulus is significant enough (and maintained over a period), school quality can 
nonetheless be improved. It is thus worth noting this as one of the most realistic pathways towards 
improving learning outcomes. With the growing population size in both states, it might be a while 
yet before average PTRs sit in a “good” range. While acknowledging the challenges around 
funding, the practical implication of this is that the best avenue to return yields in learning outcome 
is to prioritise the sector by (a) increasing funds, and/or, (b) incorporating better accountability 
mechanisms to ensure the efficient management of those resources. This test offers an important 
insight and consequently, one final test will be administered based on the hypothesis that given 
enough money and time, school quality (as defined in Section 8.1) can be improved.97  
 
 Test 4: The following model run investigates the effects of sustained investment levels in 
the system while enrolment rates continue to fluctuate over different cycles  
 
 
                                                 
97 Improvement in this case is relative, if funds are appropriately directed to reduce PTRs, train more teachers, 
establish more schools, then results are likely to be more positive. If however money is directed towards 
School Feeding or other secondary initiatives (without first addressing underlying issues), school quality 
may not show any significant improvements.  
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Figure 8.11 Improvement in school quality 
 
As anticipated, Figure 8.11 shows that the gains in school quality from Cycle 5 can be maintained 
when resources in the system are sustained. At 15% investment, school quality steadily improves 
before reaching a steady state by Cycle 9. School enrolment rates are still fluctuating throughout 
the model run (its effects can be observed via the bumps and dips on the graph).  Here, it takes 
four more additional cycles with financial investment remaining at relatively the same level. In fact, 
even though some funds are lost to inefficiency in the budgetary release process, as long as it does 
not exceed 55% (see Section 8.2.1), a 15% allocation is sufficient to shift the system to an overall 
positive state. It is also highly probable that improved efficiencies and/or increased spending in 
the sector could achieve the same result in a shorter period. Interestingly, it does not appear to 
matter significantly where the money comes from i.e. SBMCs frequently supplement the financial 
support schools receive from the government. The SIPM shows that if the SBMCs can raise 
sufficient funds to bolster the teaching workforce as well as implement the SIP, school quality 
does show similar improvement rates. However, this is a weighty responsibility to place on SBMCs. 
The cost of turning around school quality is high and it is often beyond the ability of these 
communities to compete with government coffers (or indeed replace them) for any prolonged 
period. 
 
From these tests, the effects of manipulating two main forces, finances and pupil enrolment rates 
were observed in a range of scenarios. These cases demonstrate how responsive different agents 
are to changes in variables. It also illustrates how the system as a whole shifts as different factors 
come into play; the tipping points, effects of strategies, and the degree of 
improvement/deterioration under different conditions. The next section builds on these finding 
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by filtering down to specific attributes, and where they sit with regards to the Acceptability Zone 
discussed in Chapter 6. 
 
This analysis shifts from the general activities carried out by agents in the system, down to the 
specific attributes which underlie the behaviours. As discussed in Chapter 7, these are the baseline 
building blocks of the model and as they move from negative to positive and vice versa, the whole 
system shifts in response to these changes. Thus, the behaviours/activities carried out further 
down the line by agents are all initiated by these attributes. For each of the gaps, a general system 
temperature will be taken, rather than an assessment for the individual agents. For example, the 
behaviour/activity of fundraising for SBMCs is dependent on self-efficacy and support for the 
programme. Similarly, the learning process of teachers is dependent on the same two attributes. 
In this calculation, the SIPM considers the former attributes under the Capability Gap, while the 
latter is considered under the Cultural Gap. Each attribute is measured on a scale ranging from -2 
to 2 – the acceptable zone is defined as the difference between the highest and second highest 
level i.e. 0.67 (referred to as the acceptable threshold in Chapter 6).  
 
In this Section, the acceptability zone will be calculated for Scenario 3, Test 3. This test has been 
selected because it matches most closely to the conditions on the ground – fluctuating levels of 
investment from year to year coupled with increasing enrolment rates. These are the circumstances 
under which the SIP is implemented. At this point it is useful to provide a brief recap on how on 
the sustainability probability – P(S) – for the intervention (discussed in Chapter 6) is calculated. 
The P(S) is an estimation of the degree to which attributes deviate from the acceptable zone. 
Throughout the implementation of the SIP (and in each run of the SIPM), the system is moving 
in and out of this zone. At various points, depending on the state of the system, gaps can be high 
or low (larger gaps diminish the probability of sustaining the intervention, and vice versa). Each 
of the three gaps is then utilised to calculate the overall fitness of the system. Recall Equation (1) 
(based on dynamic weight assignments) which combines each of these features into one fitness 
function.  
 
Equation 1. Calculation for sustainability probability 
 
8.3 Recap: The Acceptability Zone 
(1) 
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where wpm + wca + wcu represent the weights corresponding to each gap, and sum up to 1. One major 
concern with this fitness function calculation is the possibility that weightings might mask the 
effects of individual gaps when one is particularly large, and another is especially small.  However, 
Mital (2015) offers a comparative analysis with an alternative calculation based on a harmonic 
weighted average (see Equation (6) below) using a range of weight combinations assigned to each 
gap. It is done using the same scale of -2 to 2 and an acceptable threshold level of 0.67. 
 
Equation 6. Weight testing for gaps 
 
The test will not be reiterated in this thesis (for more information refer to Mital, 2015), however, 
the exercise confirms that P(S) i.e. Equation (1) is a preferable calculation to reveal distinctions 
among gaps. Therefore, after investigating how the system performs relative to the Acceptability 
Zone (presented in Figures 8.12, 8.13 and 8.14), the probability of sustaining the SIP intervention 
is calculated as shown in below using Equation (5).  
 
 
 
 
 
 
 
 
 
PH(S) = (6) 
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Figure 8.11 Capability Gap 
 
 
Figure 8.12 Cultural Gap 
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In the figures above, the Acceptable Zone is outlined and delineated by the acceptability threshold 
(at 0.67 – represented by the black dashed line). Figure 8.12 shows the Capability Gap over the 
course of six cycles. Despite some marked dips that correspond with cuts in government spending, 
there is some improvement in the system moving towards the Acceptability Zone. There are two 
distinct points where the threshold is crossed. These periods coincide with a higher frequency in 
the implementation of the training components of the SIP for greater numbers of teachers in the 
system. The Cultural Gap presented in Figure 8.13 performs best of all three. Similar to the 
capability gap, the acceptability threshold is crossed twice. However, with the withdrawal of 
investment, it sinks lower than the capability function suggesting that the cultural gap in particular 
(tied to support for the programme) is slightly more sensitive to reduced finance (more so than 
the self-efficacy attribute). Interestingly, it has the highest peak compared to all the other gaps and 
stays there for the longest period. There are two potential reasons for this; (i) it might be due to 
the performance of SBMCs who contribute a significant quota to the cultural gap, and/or (ii) PTRs 
which are a less significant factor here. In fact, high PTRs indicate an important and more 
encompassing aspect of the SIP is successful – the bid to improve universal basic education. Of 
all the gaps, Policy Management performs worst (Figure 8.14). At no point does it cross the 
acceptability threshold. In particular, this gap seems very responsive to downward turns in 
investment. This is a direct contrast to the cultural gap which is more sensitive to increased 
investment (where the community can build on and magnify positive shifts) and less so towards 
diminished resource flows from the government. As the policy management gap relates more to 
the overall administration of the system, it is tied to the disbursement of salaries and as such, job 
satisfaction. Consequently, there is a very large gap when salaries are not paid (agents incur high 
personal costs), but only a small bump with high investment (as this simply means minimum 
requirements have been met). Comparatively, the capability gap appears to be the smallest in each 
of the model runs i.e. it performs best. This indicates that agents are benefiting from all the training 
programmes. However, it may not matter if the policy gap is not closed.  
 
In the snapshot presented in the figures above, all gaps are moving closer to the acceptability zone. 
However, some are moving more slowly than others. The Policy Management gap in particular 
seems to carry a greater burden than others because the negative effects of low investment 
accumulates, and it takes time to reverse this trend. In this sense, the SIPM shows that 
deterioration in the system occurs more quickly (and perhaps easily) than improvements. There 
are two layers to this point. The first is a general statement on how much money is in the system. 
More often than not, it is below at least one of the critical thresholds defined by Conditions 1 and 
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2 in Section 8.2.1. The second refers to dynamics that pertain to agents’ perception of the system 
in terms of their career aspirations, relationships, and economic opportunities elsewhere. Negative 
perceptions in anyone of these spheres has a ripple effect on the others (i.e. they are tied in a 
feedback loop), thereby pushing up or pulling down different parts of the system.  
 
 
Figure 8.14 Overall fitness of the system 
 
Figure 8.15 brings together all the gaps discussed above to estimate a fitness function. This 
determines whether the intervention is likely to be sustained. The implementation of the SIP is 
greatly hindered by the inconsistency of financial allocations and thus, the intervention is not able 
to cross the acceptability threshold at any point. It gets very close in Cycle 6 (at about 550 days 
into the intervention) but drops off again when funding is cut. Such fluctuations impact on school 
development planning while produces many multiple and delayed effects throughout the system. 
From these tests, it appears that some of the “lowest hanging fruit” lies in the cultural function. 
Investments on this front yields the highest returns in the quickest turn-around time. This is 
notwithstanding the significant challenges faced in ensuring pupils from culturally/religiously 
conservative education districts enrol and transition on to secondary schools. As already explained, 
the policy management gap is quite large and requires intense and sustained resources. Overall, it 
seems that improvements to policy management and cultural gaps would have a significant positive 
impact on capabilities in the system, however, improvements to capabilities would only have 
minimal effects on the policy management and cultural gaps.  
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outcomes however, changes are slow and desired outcomes yet to be realised. Challenges centre 
around financial constraints, population size, compounded by ineffective systems. This section 
highlights the many facets that might affect the success of the intervention, and it attempts to do 
so by tracing the potential impacts of each component – directly and indirectly. In the Scenarios 
studied, there is no single guiding hand (agent or institution) that can successfully reform the 
system independently. Thus, the fundamental lesson here is that policymakers/practitioners 
cannot steer from the “centre” because there are many looping connections that make the 
periphery another “centre” in itself. As such, the system must be approached with an appreciation 
of the nature of complex systems and programmes should seek to create (or facilitate) favourable 
conditions for processes that can maximise the flow of feedback between and across levels. 
Interestingly, while there are no direct command and control mechanisms that can make the 
system shift, it is still possible to identify trigger points that can ease the burden/emphasise the 
effects of, sweeping reforms.98 In short, by tracing the shifts in agent attributes and behaviours, 
the SIPM offers an estimation that can guide resource allocation to more optimal outcomes. By 
modelling the system (and how it might respond to an intervention), this approach serves to 
temper the impulse to try to only fix the most clearly defined, and immediately perceived problem 
(as has been done by the numerous education reform initiatives discussed in Chapter 2). In 
practice, it collapses the boundaries between design and implementation and proposes a move 
towards a feedback oriented, adaptive reform which allows for better targeting of interventions to 
specific contexts.  
 
This chapter covers the substance of the SIPM. In building the model and running the tests 
(sensitivity tests in Chapter 7 as well as the Scenario test in this chapter), several observations were 
made regarding the behaviour of the system itself, as well as the process of implementing this 
exercise (from a development practice perspective). In summary, the gap from theory to practice 
was bridged. The conceptual frameworks discussed in earlier chapters are weaved into the analysis 
of the SIPM and through the acceptability zone and fitness function calculations, the final section 
attempts to quantify the sustainability of implementing the SIP under the conditions proposed in 
the various scenarios.  
 
However, it is important to clarify that this research does not presume to utilise the SIPM as a 
                                                 
98 Note of caution: not all trigger events or tipping points are casual (Snyder, 2013).  
8.4 Summary 
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predictive tool. The SIPM has the ability to show the evolution of a complex system but it does 
not reach the forecasting capabilities many policy makers would desire. In the literature, this has 
led to the question: why model? (Epstein, 2008). This paper proposes that all individuals and 
organisations frequently venture to ‘imagine’ outcomes based on some action. Referred to as an 
implicit mental model, it has hidden assumptions, untested internal consistencies, unknown 
consequences, and an ambiguous relationship to real world data. Such implicit approaches have 
numerous limitations. In contrast and as demonstrated in Chapters 7 and 8, agent-based models 
can be calibrated to real world data, and results can be replicated and examined. Moreover, because 
assumptions are made clear, the modeller can test what happens when those assumptions are 
altered. Consequently, models offer an opportunity to validate results – something that cannot be 
done with implicit mental models. Depending on the context and objective of the researcher, 
Epstein (2008) highlights more than a dozen possible reasons which place prediction as a 
secondary objective of modelling. Some of those reasons (informing policy dialogue, illuminating 
core uncertainties, training (development) practitioners, and challenging the robustness of 
prevailing theories through perturbations) are central to this research. Thus, the ultimate goal of 
the researcher, and the model is significant. In this case (and as presented in this chapter), the 
SIPM seeks to explain rather than predict. It is shown to be a useful tool to illuminate the core 
dynamics of the two selected systems; ESSPIN in Lagos and Kaduna states. In doing this, it 
incorporates knowledge from key informants and subject matter experts to model the system in a 
rigorous way.  
Of course, the SIPM does not obviate the need for good judgement. While this exercise provides 
useful insights for those at the policy/project implementation level, it does not eliminate 
uncertainty. In fact, it emphasises that systems frequently exhibit volatile and unpredictable 
phenomena (Hassan et al., 2013). Nonetheless, models such as the SIPM can be (in)valuable 
without being “right” – in an engineering sense. A researcher with an appreciation of the model’s 
limitations can still utilise models as a tool to guide intuition on connections that are not so 
obvious. For instance, in Scenario 3, Tests 3 and 4 reveal the trade-offs between higher financial 
investment and lower PTRs, showing the sensitivity of the teachers/schools to changes in the 
number of pupils in classrooms (particularly in periods of limited finances). At all points, the model 
reveals the uncertainties in the system – because slight changes in model settings produce 
drastically different results. As such, the utility of the SIPM comes from its ability to provide more 
information on a situation when difficult decisions (between less than ideal choices) must be made.   
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In summary, Chapter 8 answers some fundamental questions set out at the beginning of this 
research. In developing a working model, it demonstrates that it is possible to practically adopt a 
complex systems approach not just in theory but also in practice. This exercise reveals the 
apparently simple to be complex and vice versa, raising new questions, and guiding researchers to 
look at other parts of the systems more thoughtfully. The next chapter follows this thread to 
present opportunities to improve on and extend the SIPM while acknowledging the limitations of 
this research.   
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9. Conclusion 
This chapter discusses the main conclusions of this research, linking the insights gained at the end 
of this process, to the primary research objectives presented at the beginning of this study. The 
extent to which those objectives have been met will be discussed in three main sections. In the 
first, the selected case study will be reviewed in relation to the behaviours of complex systems. 
The next section discusses the transition from the conceptual ideas of complexity into its practical 
implementation and an overview is provided of the two main conceptual frameworks that have 
guided the research methodology and data analysis. Next, the process of developing the SIPM is 
summarised, highlighting specific results of the model. This allows us to take a step back to look 
at the bigger picture of what this approach has to offer in terms of development thinking and 
planning. Finally, this chapter reflects on the relevance of this approach from a practitioner 
perspective and highlights the key findings of the research. Recognising that donor agencies and 
developing country governments operate under different circumstances, the research identifies 
specific policy implications for respective stakeholders. Weaved into each section are lessons learnt 
from the results of the SIPM, and the modelling process itself. The limitations of this research are 
presented in Section 9.3.2 and some context is provided for how the researcher attempted to 
navigate and resolve the challenges faced. The thesis concludes with avenues for future research 
and the different ways in which the model can be improved and extended.  
The first set of objectives sought to better understand the dynamics of the Nigerian basic education 
sector. Specifically, the following questions were asked: 
1. What are the dynamics of social and economic change in the Nigerian basic education 
sector? 
2. How can concepts from complexity sciences help in better understanding the development 
processes in the Nigerian education sector? 
Early on ESSPIN was identified as a case study which could provide a useful lens through which 
to observe and analyse the complexities of generating change in the Nigerian education sector. As 
a programme attempting to work within an existing system and specifically, attempting to 
transform that system so that it can improve itself (and the sector by extension), ESSPIN presents 
a unique opportunity to study complexity in development practice. Developed by the UK DFID 
and the Nigerian government, the programme was designed to incorporate national education 
9.1 The ESSPIN case study 
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priorities (discussed in Chapter 2). As such, it would be expected to operate in a multifaceted, 
dynamic field with competing crises regarding: (i) access (there are over 10 million children out of 
school), (ii) equity (most of these children are girls, and/or from lower income households), and 
(iii) quality (learning outcomes are declining). While there are many modalities which can be 
adopted in attempting to change these discouraging indicators, ESSPIN’s approach is a codified 
and specific set of activities that closely follow the principles complexity (from the SIP 
components at the school level to the parallel measures at the state government level). In its 
execution, it adopts many of the traditional development tools – Theories of Change and Logical 
Framework models – and through its operations, it faces many of the central challenges faced by 
development practitioners. As articulated by Rogerson (2011) 
Development processes are led by complex, uncertain, context-specific social and political 
dynamics and responses to national challenges… Aid is marginal to these dynamics in most 
country contexts unless, by fortunate positioning or even accident as much as good design, 
it happens to align with them. 
Rogerson (2011) 
Thus, a critical factor for the success99 of ESSPIN is that it is aligned with the country-specific 
dynamics of Nigeria – indeed, the state-specific dynamics. To this end, there have been significant 
attempts to integrate the programme with state education systems and processes from budgeting 
and planning, to teaching and learning in classrooms. The programme is not dependent on 
international aid – government spending on the programme exceeded donor support a few years 
into implementation. Consequently, state governments choose what will be implemented, how 
(and how much), where, and when. This is an important element which relegates donors to a more 
supportive role, with states/local governments up front and centre as pertains to implementation 
of the programme. However, this approach is still constrained by the challenges of governance in 
developing countries; limited resources, weak institutions and poor coordination. However, these 
are the typical dynamics through which change must occur in these contexts. Often, an underlying 
assumption in (or an overarching goal of) development practice is that the system can be supported 
to improve itself. With this premise donors will often step in (on a relatively small scale) to 
supplement funds for the SIP, and facilitate the implementation of the various outputs outlined in 
Chapter 4.  
Taking a step back to look at the intervention as a whole, there is some evidence of improvements 
                                                 
99 Defined along the lines of sustainability. 
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at the school level (via the SIP). Recall the premise that for the intervention to be effective: (1) an 
integrated approach should be taken towards school improvement, (2) parallel measures should 
be in place to strengthen governance systems at all levels, and (3) evidence of the positive results 
from pilot runs of the intervention would encourage states to use their own resources to scale up 
the SIP model. Based on this, ESSPIN’s self-assessments and the Composite Surveys provide a 
range of evidence on positive output and outcomes (Cameron et al., 2017). However, these 
measures are very specifically based on their own criteria of success (presented in Chapter 8). In 
this researcher’s judgement, they do indeed identify reasonable indicators and offer a thoughtful 
analysis of the impact of the programme.  But conversely, if success is defined along lines of learning 
outcomes in the states as opposed to the quality standards defined by ESSPIN, the results presented 
are less resounding. Nonetheless, it can be fairly argued that the inconsistency of implementation 
significantly diminishes the success of the intervention. Moreover, from conception to 
implementation, the programme has only been fully active for five years (a generous estimation), 
and in some states, comprehensively implemented for much less than that. Therefore, it might be 
too soon to see its effects. It might be that the potential transformation these improvements could 
yield in the education sector will come to pass in time. Although, how much time would be too 
difficult to say. 
The next part of this research attempted to move between the national agenda to improve the 
state of education, ESSPIN’s strategic approach towards realising those goals, and the tools 
available to model and analyse this complex social system. Here, the thesis sought to answer the 
following question:  
3. (How) can development interventions (in this case, ESSPIN) implemented in complex 
systems (the Nigerian education sector) be modelled using computational simulations? 
Having established the relevance of a complex systems approach to studying social systems and 
implementing development programmes, this research explores the possibilities for practically 
applying these principles to a real project (i.e. ESSPIN).  After a survey of the existing literature, 
agent-based models emerged as a preferred method to build artificial social systems from the 
bottom up. As an approach that sits in the middle of the two standard methods of scientific enquiry 
(an important benefit), it begins deductively with an explicit set of assumptions, but then goes on 
to generate data that can be analysed inductively. This selection informed the research 
9.2 From development theory to practice: the SIPM 
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methodology which was designed to (i) identify salient aspects of the system, and (ii) ensure that 
relevant stakeholders (identified in the interdisciplinary collaboration framework in Chapter 6) 
were involved in the model development and validation process. A primary priority was to ensure 
that model processes reasonably reflected the complex processes in the real system. This brings 
the research methodology to the forefront; constructing agent level models requires detailed 
understanding of the values/preferences that are then instantiated into behaviours in the system. 
Thus, methods that facilitated immersion in the context were adopted; observation and key 
informant interviews.  
In total, over 70 stakeholders representing different dimensions of the intervention were 
interviewed (from designers, to implementers, and beneficiaries). This served to inform the 
researcher on the larger context of the project cycle, as well as the implementation environment. 
However, to understand the behaviours of individuals in the system, key informants were 
identified and invited to share their day to day experiences and decision making process. These 
informants (as well as subject matter experts) engaged with the researcher on a long term basis 
and were active participants in developing the SIPM. The relationships formed with participants 
was a critical aspect of this research and was maintained post-fieldwork phase i.e. throughout the 
model definition and validation process. This served two practical purposes. Firstly, it minimised 
the number of assumptions made, and secondly, it served as a check on the model dynamics i.e. 
behaviours deemed unrealistic/unreasonable could be identified and refined.  
The SIPM itself was developed based on two conceptual frameworks: Bennetts Adaptive 
Dynamics framework (Bennett, 1976) and the Education Systems Intervention Management 
(ESIM) framework (Mital, 2015). The first step involved formalising the data collected from 
interviews using the Adaptive Dynamics framework as a guide (Chapter 6). This process was useful 
in understanding the nature of stakeholder interactions, their priorities, perceptions of other agents 
and economic opportunities, and other factors that influence the implementation of the different 
components of SIP. The ESIM framework was equally fundamental to the development of the 
SIPM by defining the degree of change within the system, as well as the overall scale of the model.  
From this point onwards, both frameworks guide the process of model definition and analysis to 
build one coherent and robust model. On one end, the Adaptive Dynamics framework helped to 
mitigate the number of assumptions made by setting out the primitive effects of the micro level 
strategies agents adopt (immediate, delayed, multiplier or sustained), and linking it to the larger 
macro processes (adaptive drift, incremental change, buffering). This allows the results of the 
model to be more easily understood and interpreted. On the other end, ESIM provides model 
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validation measures whereby a series of sensitivity tests are conducted for each modelling phase – 
from baseline to the various phases of the ESSPIN roll out (Chapter 7). By adjusting the weightings 
for each change algorithm and observing how it propagates through the system, useful insights on 
modelling stochasticity is provided. The model validation also relies heavily on the Composite 
Surveys and reports produced by and for ESSPIN to triangulate model results. The analysis phase 
of this study concludes with calculations that attempt to quantify the sustainability of the 
intervention in Chapter 8 (Section 8.3). Here, the ESIM framework provided a means of 
monitoring and measuring the success within the context of the SIPM via the Acceptability Zone 
which represents a space within which the intervention is sustainable and outside of which it is 
not. It also estimates the distance between the current and ideal states via three gaps (policy 
management, cultural, and capability). This calculation is particularly useful because it is directly 
linked to the performance of baseline attributes, offering insights on how changes are occurring 
in the system – if not precisely why.  
The back and forth process illustrated from Chapters 5 to 8 of this thesis are a key contribution 
to development thinking and practice. It diverges from traditional economic tools by recognising 
that analyses proceeding from “Ceteris paribus”100 principles effectively overlook salient aspects of 
how change happens, as well as how the impact of changes are measured. Rather, this approach 
actively seeks to study what new quality might emerge from the compounding effects of different 
parts of the system working at the same time. With the acknowledgement that it is impossible to 
capture every single aspect of a real system in a model, the SIPM does capture the multiple 
dimensions of the target system which operate in conjunction, and then extracts compelling 
features to say something useful about ESSPIN in Lagos and Kaduna states. Therefore, in the 
context of the Nigerian education system, the SIPM is directly relevant and can be utilised to 
highlight how policies and programmes have impacted on the sector. This presents an important 
avenue to re-frame the conversation on development project design and evaluation. Critically, this 
approach is not proposed as a replacement for other evaluation techniques but rather, as a 
supplementary tool that can be introduced early in the intervention (i.e. there is still a place for 
techniques such as Randomised Impact Evaluations). However, the SIPM steps in where those 
techniques fall short by offering a means of rigorously considering counterfactual 
scenarios/impacts. Thus, agent-based models such as the SIPM can enhance and shed light on 
poorly understood connections in the system that are often only noticed when things go wrong.  
                                                 
100 Other things equal 
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By Chapter 8, the question of “can” and “how” development interventions in complex systems 
are modelled had been answered. Historical states of the system were modelled, and then the SIPM 
was extended to observe the effects produced by the dynamics of the model when tested under a 
variety of different conditions. These tests explored the individual agent behaviours within the 
system, connecting it to the overall effects. Central to this exploration was the goal of 
understanding how different behaviours directly or indirectly produced the different effects 
observed in the system. Scenario 3 Test 2 (Section 8.2.2) provides an important lesson on this 
score. In this test, Kaduna state performed differently from Lagos when government investment 
fluctuated from one cycle to the next, but enrolment rates continued to rise – the results in Kaduna 
were much worse with “sudden” sharp and unexpected negative perturbations in the system. While 
an ideal policy solution overall would be to reduce Pupil Teacher Ratios (PTRs), the system is 
constrained by the amount of resources available. With this limiting factor, the next best solution 
is considered. For Lagos, the SIPM indicated that the observed effects could be mitigated by 
improving the training component of the SIP. In contrast, Kaduna was less responsive to this 
solution. Under these conditions, it appears that Kaduna necessarily requires a reduction in 
workloads to improve. As such, if called on to provide policy recommendations, it seems 
reasonable to advise that funds would be better directed towards opening more schools as a 
priority, rather than focusing on the training components (this is the opposite of what is currently 
happening in Kaduna). However, with greater consideration it is clear that while opening more 
schools could temporarily relieve the pressure, it would only marginally improve performance 
without corresponding investment in teaching quality. Proportionally speaking, the cost of setting 
up more schools is an additional burden on the state (even if it is a necessary one) without yielding 
comparative results. As such it is unlikely to be fiscally justifiable.  
This exercise is illustrative of the pragmatist’s perception of models purporting to offer solutions 
to complex problems; it is the researcher’s understanding and explanation of the system that gives 
meaning to the model. In this way, the researcher becomes engaged in a somewhat 
discombobulating combination of deductive and inductive analysis. Having “successfully” 
developed a working model, the researcher attempts to follow threads that can point to trigger 
points in the system, without “unravelling” the painstakingly woven tapestry to trace causality. 
When completed, the cause to effect links in complex systems are no longer linear or obvious. 
This is the point of the exercise and an astute researcher might be able to accurately infer the 
connections between how and why. For less experienced analysts, the model may guide intuition. 
This process also highlights how much (and may explain why) people have come to think so 
linearly – it is difficult to comprehend the effects of so many moving parts.  
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This section attempts to find practical avenues (be it mental models, management strategies, 
organisational philosophies, or even project simulations) through which this approach can be 
beneficial to policy making and the implementation of development interventions. The final 
question of this thesis asks: 
4. What are the implications of the complex systems approach in terms of international 
development theory and practice? 
Beyond an academic interest in modelling complex social systems, there is also a practical need for 
models that can offer useful insights to development challenges. Such models would necessarily 
be as diverse as there are contexts and would require real-time operational research throughout 
the cycle, not just before and after. As has come up multiple times in this thesis, most development 
policies and programmes are locked into linear thinking, procedures, and practices that frequently 
fail to solve complex social problems. This is of concern in the development sphere where there 
is an overriding obligation to go beyond “doing no harm” but rather, improving the lives of the 
people touched by the intervention. Increasingly, organisations involved in the aid industry are 
recognising that they have to manage complex and “wicked” problems to implement interventions. 
And yet, there is little capacity in most of these organisations to navigate the challenges these 
problems pose. There is however an attempt to move from “best practice” to “best fit” placing 
more emphasis on the optimal adaption of aid programmes to social, political and economic 
contexts.  
9.3.1 Key findings and policy implications  
In writing this thesis, key findings emerged on two fronts. The first was on adopting a complex 
system thinking approach to development problems, and representing those systems via models. 
The second was on what the results of such models can tell us about the system itself, and thus, 
how stakeholders can better design development interventions i.e. the specific policy implications 
of the SIPM results. With regards to the first, this study demonstrates that there is utility in agent-
based modelling techniques. The development (and even more specifically, educational) domain 
lacks rigorous models, adapted to the local context that can offer practically relevant insights to 
their work. As presented in this study, the use of modelling techniques to analyse the 
implementation of development interventions can guide how stakeholders think about the system. 
Engaging in this process moderates the tendency to assume that the causal pathway that will deliver 
9.3 Conclusions of the research 
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desired outcomes is known prior to implementing an intervention. It highlights the many ways to 
view a problem, and that there is no single set of criteria for what constitutes the right or wrong 
solution. It demonstrates that potential consequences may continue indefinitely, and that there is 
always room for improvement. And finally, it can help practitioners understand that once 
interventions have begun, they cannot be undone; the effects and impacts will ripple through the 
system in many (and sometimes unanticipated) ways.  
While the recommendations stemming from this research are general and relevant to all actors in 
the international development field, the implications are slightly different depending on the 
stakeholder, i.e. a donor agency or government versus developing country governments. This 
research speaks directly to the actors involved in the case study – the Nigerian government (proxy 
for the individual states), and DFID. On the donor side, DFID has tried to incorporate concepts 
of complexity in its project design processes through the Complex Systems Tools project carried 
out in 2013. Among its objectives, it aims to “pilot a range of new tools and techniques drawing 
on complex systems approaches that might help in better dealing with these challenges” 
(Ramalingam, Laric and Primrose, 2014, p. 5). To a large degree, this approach is reflected in 
ESSPIN’s design, the project literature, and project staff who explicitly appreciate the complexity 
theories underpinning ESSPIN’s strategic approach – although, as “experts” who had worked in 
the field for years, this understanding of the wicked problems appears to have emerged on an ad 
hoc basis rather than a top-down structured analytical approach or corporate process. From the 
perspective of developing country governments, each country is best placed to understand their 
context, develop their own vision for the future, and ensure its sustainability. External (f)actors (in 
terms of aid) are secondary to this process101. Consequently, it is for the federation to understand 
and actively guide where and how donor programmes can align with their own wider development 
priorities. The volume of development assistance has grown dramatically in the last decade with 
the arrival of other, less traditional forms of funding (Greenhill, Prizzon and Rogerson, 2013; 
Goldin, 2018). This strengthens the negotiating power of developing country governments and 
coupled with good leadership and clear direction, development aspirations are attainable.  
The second set of findings pertain to the modelling process and the analysis of its results.  The 
SIPM illustrates the different factors that come together to produce the behaviours observed in 
the system. It offers guidance on which attributes play a key role in the success of the intervention 
                                                 
101 This is meant in the simplest terms; the entrenched global economic power dynamics are significant 
factors but they are considered as a secondary influence on internal national dynamics (although they have 
the potential to make positive as well as negative contributions to the development process). 
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and how, as well as where resource allocation could make a difference. In all the model tests carried 
out in Chapter 8, headteachers appear to have significant effects across multiple dimensions. They 
can have impact horizontally through their interactions with colleagues and SBMCs, and they have 
influence up (via SSOs) and down (via teachers and pupils) the chain when they engage in school 
development activities. Consequently, under the right conditions, an effective headteacher can 
produce significant positive effects in the school system. This manifests as an emergent quality in 
the performance of schools. As such, they are a critical point in the system; if they are moving in 
a favourable direction, there is a higher likelihood that teachers, pupils, and SBMCs will perform 
better i.e. the school meets the quality standard. Therefore, investing in, and supporting 
headteachers could potentially be a powerful force magnifier for positive changes in the system.102 
SBMCs can also be leveraged as a pillar to support the system. In the best of times, the support 
provided by communities can enhance the performance of agents in schools, and during difficult 
periods they can mitigate some of the deleterious effects from poor government investment. As 
the most (relatively) independent agent in the system (i.e. not dependent on funding from the 
government), they are the least affected by perturbations in the systems. Consequently, small 
investments made in this area can yield disproportionately positive effects on the system. These 
findings have important policy implications for how the programme is implicated.  
Notwithstanding the many challenges they face, both states selected for this study have 
demonstrated a strong will to deliver on education priorities. However, its manifestations have 
been very different. Lagos state seems to have a sense that “how to work” matters as much as 
“what works”. And perhaps this is because of their size (of all ESSPIN states Lagos public schools 
have the fewest number of learners) and wealth (it contributes to more than a third of national 
GDP). With fuller coffers, fewer learners, and an understanding of the complex dynamics of the 
system, they are better placed to actually operate like a (somewhat) functional complex system. 
Kaduna on the other hand appears to go back and forth on education priorities. While there is a 
clear recognition that the education sector poses a complex problem, there does not seem to be 
an attempt to treat it as such. The states acknowledges the nature of the problem, but proceeds 
with convenient simplifications (many of which are not even sustained). Quick fix solutions (such 
as the firing of over half of the teaching force in 2017) borne of frustration do not yield meaningful 
results. And if the system were not so bad, it might have been more damaging to the sector.  
Although many of the actors in both states understand that they are dealing with wicked problems 
                                                 
102 In the same way, negative cascade effects can also be destructive to the system.  
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in a complex system, their budgets dictate how they can deal with those problems. States with 
more severe constraints on their resources must choose which aspect of the problem to address 
first. Thus, it is often the case that the activities which are easiest to do are carried out because 
they are bureaucratically convenient. And so pupils are left to make what they can of the 
“mishmash” of activities implemented for their benefit. Nonetheless, the main findings of this 
study distinctly show that there is an appreciation of complex systems thinking in the 
implementation of the ESSPIN programme, from both the state governments and donors. And 
moreover, they are attempting to incorporate this thinking into practice. 
While the SIPM has been successful in re-creating historical states with a fair degree of accuracy 
and providing a useful understanding of the complexities of the education sector, there are at least 
two direct ways in which this approach/model could be improved.  
(i) Interactive surveys to triangulate the data  
There has been a fair amount of discussion from Chapters 7 to 9 regarding the 
assumptions made in developing the SIPM. To minimise the incorporation of arbitrary 
choices, this research attempted to utilise interactive surveys as a means of formally 
codifying the knowledge of key informants and creating a referable database which 
could be used as an additional “check” (discussed in Chapter 3). Unfortunately, this 
approach was not feasible due to time and cost constraints. The main challenges 
centred on technological issues – connectivity and cost (outlined in Section 3.3.4). 
These difficulties were compounded because key informants were invited multiple 
times to complete updated versions of the survey – with each iteration, more 
information is collected from participants to inform rule based induction processes in 
the SIPM. If successful, this approach would ensure that as little information as 
possible is lost between the interviewing and modelling processes. It also allows key 
informants themselves to have first-hand engagement to refine and update the 
knowledge they provide. As a reiterative process, the interactive survey involves active 
decision making from participants under changing conditions, in addition to providing 
a useful cross-referencing database. As such, important lessons were learnt in this 
endeavour. The process of designing the prototype is a time consuming (and costly) 
undertaking and therefore, future research would benefit from introducing the survey 
checks earlier in the research process. 
9.4 Avenues for improving the model 
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(ii) Scalability of the model  
After a survey of potential toolkits, Netlogo was selected as best suited for the research 
based on the criteria set out by the researcher (Section 3.7 and Section 7.4). These were 
(i) ease of use, (ii) availability of background support, (iii) flexibility in terms of 
computing capabilities, (iv) compatibility and maintenance (transferability to other 
generic platforms), and (v) potential for dissemination. With these priorities, the 
researcher was able to develop the SIPM on Netlogo. However, there were some 
constraints partly due to the limited programming experience of the programmer, and 
partly due to the flexibility of the software. This highlights the necessary trade-off made 
between these two priorities. The first problem centred on the execution speed of the 
model – from Phase 2 of the intervention and onwards, the SIP was gradually scaled 
up and out. As a result, the initialisation procedures for the model were quite extensive 
due to the large numbers of agents in the system and this caused a significant time lag 
in model runs. This made some parts of the code very slow and in some cases, a single 
test would run for over four hours. While the SIPM itself necessarily carried out 
complex computations, there are often many ways to code one particular function and 
some ways are substantially faster than others. Therefore, it is highly likely that there 
were alternative code statements that could have performed the functions required of 
the SIPM more efficiently. The model was developed through numerous trials and 
errors, and so the programmer gradually learnt how to improve the code with each 
attempt. Consequently, challenges pertaining to speed were inherent to the platform 
(execution), as well as external to it (the programmer’s ability). The learning curve took 
much longer than anticipated and consideration for the execution speed of the SIPM 
came much later into the research process than ideal; more time was spent trying to 
write code that was easy to understand and test. 
 
However, suggestions were offered by fellow Netlogo programmers, and many were 
adopted to improve the SIPM, and increase execution speed. Specifically, the use of 
more efficient mode analysis toolkits (for example, the BehaviourSpace package) 
which enabled the programmer to set up multiple model run experiments and eased 
the effort of conducting sensitivity tests. Importantly, supplementary courses on 
computer programming (or a computing background) would have helped the 
programmer write faster and more efficient code. However, the cost of these courses 
were significant constraints and so the programmer relied heavily on the expertise of 
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colleagues and the generosity of experts. Since the development of the SIPM, the 
Netlogo platform has undergone some updates to address this issue. Discrete Event 
Simulation (DES) features are now better supported on Netlogo with time extension 
plug-ins. This feature organises how events are scheduled in a simulation i.e. agents are 
called up to carry out actions at different points so most of time, there are inactive 
agents in the model. Regardless, Netlogo code must call up each agent at every tick, 
whether they are active or idle. This can be a major computational burden slowing 
down the model. With the DES, a global schedule keeps track of the simulated time 
and events, and executes the appropriate procedures in chronological order. It 
eliminates the tick-by-tick progression of the model, thereby saving a significant 
amount of time – a huge benefit for future programmers.  
There is a great deal that can be done to improve the SIPM. Firstly, while all of the data collected 
contributed to a fuller understanding of the system and informed the development of the model, 
a fair amount of information was not explicitly used. This was mainly because the scale of the 
model was designed to reflect the real programme, covering thousands of schools. Therefore, 
granularity of the model was balanced against the feasibility of developing and executing a model 
at the systems level. If the SIPM were to be redesigned to represent a single school, the finer details 
could have been better reflected. Clearly, incorporating all aspects would have produced a better 
model and this was the initial vision for the SIPM. However, in practice, capturing all elements at 
multiple modelling levels (i.e. classroom, school, district, local government, and state government 
levels) proved unrealistic with the time, resource and expertise constraints. 
Secondly, the SIPM could have been run over a longer time-frame. Post ESSPIN there have been 
successor programmes (especially the Teachers Development Programme – TDP) building on the 
work done.103 This programme is geared to further enhance the teacher training component of the 
SIP. Taken in conjunction with the SIP, it would have been interesting to study the effect of 
ramping up one single component, resource allocation and/or redistribution. Like ESSPIN, 
secondary data is also available on this programme and can be used for validation purposes. The 
SIPM represents a snapshot in time and can change considerably the longer the model runs. 
Whereas economic models often present the effectiveness of a system as one that is in a steady 
                                                 
103Although ESSPIN has come to an end, the SIP is still active and expected to continue operating post the 
programme. 
9.5 Areas for future work 
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state, the complex systems approach shows that more often than not, systems only exist in steady 
states for a transient period. Long term views of the SIPM shows that the system exists in a highly 
unstable steady state (due to the high level of uncertainty) for some time before once again shifting 
to stable steady states.  
Thirdly, even the simplest of agent-based models incorporate multiple analytical fields. Chapter 3 
highlights the intersection of this research which cuts across social sciences, computational 
simulations, and agent-based computing. Also nested in this intersection are social network 
theories. Most social simulations require a social network structure to underpin the relationships 
modelled. However, a significant challenge is that none of the standard models of networks fit 
well with observations of real social networks (discussed at length by Hamill and Gilbert, 2010). 
Using social network theories as a framework, agent-based models can incorporate key aspects of 
many theories such as the sizes individual social ties, degree of cluster (homophily), positive 
assortativity, and density of networks. And in practice, most models utilise pro-social relationships 
which can have gradients of productive interactions. However, a clear formula for modelling social 
networks is not immediately obvious, and researchers must decide on the combinations that best 
suit their models. This thesis adopts a relatively simple formulation to keep the model tractable 
(presented in Section 7.4.4 which describes the changes in relationships). The social network 
structure of the SIPM differs depending on the agent being modelled (highlighted in Section 7.6.1) 
and agents can have positive/negative relationships – such modelling decisions are based on 
consultations with key informants. However, as the model runs, the strength of relationships are 
simplified into an average value. Consequently, it is anticipated that a more advanced/nuanced 
social network structure that disaggregates positive and negative ties as separate forces acting on 
the system (as done by Daly et al., 2015) would yield more insights with regards to the impact of 
“difficult” professional relationships amongst agents.  
Next, there are four other states implementing ESSPIN. As such, a comparison across multiple 
socio-economic contextual variables would offer some interesting insights and would probably 
reveal more of the peculiarities of the two states selected for this case study. In terms of 
implementation, there have also been different iterations of the SIP as well as conditions of 
implementation. For instance, Enugu is the only state that experienced an overall decline in pupil 
enrolment rates (Cameron et al., 2017). In Kano, the intervention focused on certain aspects of 
teacher and headteacher training, while dropping others. As a result, the training received in Kano 
is distinct to other states. Notably, of all the states, Kano also has the largest number of pupils (in 
public schools) as well as the most in IQTE schools. Compared to the other states, Jigawa has the 
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lowest incidents rates in terms of security concerns. It is also interesting that teachers in Jigawa 
appear to be performing worse than in any other state (Cameron et al., 2017). And in Kwara, the 
intensity of implementation has dropped significantly in recent years – this coincided with changes 
in the political sphere. It would be expected that modelling all these states could have produced a 
great deal of insight into education trends across the country, as well as how ESSPIN fits into that 
dynamic.  
Lastly, this study stops short of explicitly modelling learning outcomes among pupils. There are 
two main reasons for this. The first centres on the time and data required to undertake this exercise 
– discussed in Section 8.2.1. While the researcher acknowledges this as a constraint to studying the 
entire system, the SIPM provides an architectural structure which is a useful starting point to model 
this component.  The second reason is closely tied to the first with regards to the nature of the 
data and the granularity required to produce a reasonably representative model. In this case, the 
experiences of pupils (from time spent in classrooms to their home lives) matter significantly. Over 
the decades, analysis of school performance frequently used production function approaches with a 
focus on measurable educational inputs. This effectively leaves out other salient aspects that might 
affect student achievement. The SIPM attempts to (imperfectly) capture those aspects. As such, 
the fieldwork phase of this research would ideally have to be ethnographic with extensive periods 
spent living in the communities to understand the complete picture with regards to the learning 
experiences of young children. Thus, encapsulating the school dynamics and learner experiences 
within the SIPM entails a protracted and potentially expensive investigation and was considered 
beyond the scale/scope of this thesis. 
This chapter has attempted to tie together all aspects of the research, presenting the initial 
questions set out for this research, the methods adopted to answer/explore those questions, and 
finally, the results, its implications, and next steps. The utility of the complex systems approach 
(and agent-based models specifically) is that it makes the researcher question all assumptions 
because it is fundamentally about processes. There is no clear-cut formula or standardised guide 
as each situation is highly contextual. In this way, it is a very subjective endeavour meaning that 
there will be as many models as there are modelers/target systems. This process reveals the degree 
to which assumptions are made about the system. When attempting to model changes in agent 
relationships, attributes, and the effects of resources in the system, it is necessary to quantify the 
strength of ties, degree of influence, and duration of that influence. Going through this process 
9.6 Summary 
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forces the modeller to explicitly articulate which agents have relationships with others (whether it 
is bi-directional or not), the time periods required for relationships and/or attributes to change, 
determining the appropriate balance between internal and external pressures, and accounting for 
random changes in the system. This is a worthwhile (and caution-inspiring) endeavour for 
development practitioners. Consequently, it is key that such models are not developed in isolation 
without rigorous consultations/conversations with stakeholders in the system. Because modellers 
are often guessing (informed though it may be) in the beginning, sceptics of this approach perceive 
it to be an attempt by management consultants to promote their latest agenda (or product) that is 
without substance or real relevance by adding an air of scientific enquiry using “well defined 
technical terms” (Haynes, 2003). Such scepticism is understandable especially because the model 
produced through this approach does not eradicate uncertainty. In fact, it emphasises it. And this 
is part of the challenge to linking this practice to policy. Policy makers often ask for simple answers 
to complex problems, but no model can be a perfect one to one representation of any complex 
social system. This approach mainly shows the multiple ways things are connected and how a 
push/pull can propagate through the system. 
Nonetheless, there have been many challenges to the dominant methodologies in the development 
sector (Hardin, 1968; Ostrom, 1990; Sen, 1990, 1999; Sachs, 2005; Easterly, 2006; Moyo, 2009; 
Ramalingam, 2013; Easterly, 2015; United Nations, 2015). Indeed, the frank admission of the 
former Chief Economist at the IMF (Blanchard, 2014) that development agencies need to stop 
assuming that the world (and its economies) are much simpler  and more linear than they really 
are, is an important clarification on the nature of problems faced in the development sphere. This 
thesis is based on this precise argument. The acknowledgment of aid agencies (and of relevance 
for this research, DFID) that there is a mismatch between an understanding of wicked problems, 
and its ability to deal with them is key to improving and effectively delivering desired outcomes. 
Furthermore, the thoughtfulness such understanding demands is just as relevant, if not more so, 
for the Nigerian government – the primary agents with the greatest stake on matters to do with 
national development. There is economic opportunity in bridging this gap. It would be a waste of 
valuable resources (time, energy and money already invested) if it is allowed it to widen. There is 
a moral imperative for closing it. Thus, this thesis ends with the charge to all actors that complexity 
cannot be ignored. To re-state Blanchard’s counsel: our approaches as we design interventions, 
our techniques as we implement them, and our tools to measure the impact of these programmes, 
all affect our thinking in deep and not conscious ways – a sentiment echoed by many pioneers of 
the complex systems modelling scene. Epstein (2008) for example celebrates a “militant 
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ignorance” that can embed a scientific104 habit of mind, and a commitment to recognising that a 
lot of the time, “we don’t know”.  
Ultimately, the goal (and hope) of these efforts is that they mean something. That they can provide 
an opportunity for individuals, communities and societies to reach their highest aspirations. When 
development projects can actually deliver on this and improve the lives of those it seeks to help, 
the gains are universal. Hence, the beauty of this (complex systems thinking and modelling) 
approach is how well it tracks the reality of change in the world. It is fitting that the benefits of 
“education” projects extend not just to the recipients, but also the designers. As pertains to this 
study, the lessons for development practitioners105 is that education is not just about meeting 
targets, or even generating a sell-able skill set in a population. Education stands in profound 
position because it actively shapes the minds of generations to come, and as such, there is much 
at stake when projects in this sphere fail. As the most populated country on the continent, the 
effects of failure in Nigeria occur at a scale that ripples out in space (to neighbouring countries, 
and even those further afield) and time (the freedoms of future generations). In his seminal 
collection of essays, “the pleasure of finding things out”, Feynman (1999) talks about the value of 
doubt, highlighting that actions are never based on complete knowledge.  In this way, the search for 
certainty and assurances as we conceptualise development projects should not come at the expense 
of the “freedom to doubt”. Thus, to effectively deliver on development goals, our planning 
processes must incorporate some acceptance of uncertainty – this is difficult in a world where 
transparency and accountability mechanisms demand clear, specific and measurable outcomes. 
This thesis offers a small fragment of a bigger picture, presenting an opportunity to explore an 
age-old problem with new eyes. We can embrace the implications of these ideas, that as 
development practitioners we must endeavour to transform our mindsets, behaviours, procedures, 
institutions and politics to reflect the complex realities of our world.  
 
  
                                                 
104 Referring to a more experimental frame of mind rather than a strictly formulaic approach to working in 
complex systems. 
105 Be they country governments (donor or developing), or international NGOs. 
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11. Appendices 
Preliminary Questionnaire Draft: Complexity in Agent Behaviour  
This is questionnaire is part of a Ph.D. research that is being conducted at the University of 
Cambridge.  
 
It aims to study the Education Sector Support Programme in Nigeria (ESSPIN) and its potential 
impact in the beneficiary communities. A computer model is being created to analyse the effects 
of this programme. These questions are designed to enable the development of an agent based 
model. This entails conceptualizing the ‘building blocks’ of the research environment, 
understanding the heterogeneity of agents, and identifying the patterns of system behaviour that 
emerge from agent interactions.  
 
I would appreciate any feedback that you can offer, and your answers to the questions below. 
There is no need to provide a name, if you wish to remain anonymous.  
 
Thank you in advance.  
 
General questions to all (Government Agencies, Donor Agencies, INGOs and NGOs, 
Selected Schools):  
1. Project Design  
i. Who initiated this project? 
ii. Who was involved in the concept and design of the project?  
iii. What considerations were taken into account when choosing the states to implement the 
project?  
iv. What approach was adopted in the early stages of design (logic matrix framework or 
alternative methods)?  
v. What are the components of the project? 
vi. What are the shared roles and responsibilities?  
vii. What is the funding mechanism? 
viii. Who contributes to the funding of this project?  
ix. Who manages fund collection, disbursement and reporting? 
x. How is the project appraisal evaluation carried out?  
 
2. Agent Profile  
i. What is your role on this project? 
ii. What are your responsibilities?  
iii. What are your objectives for this project?  
iv. What strategies do you adopt to pursue these objectives? v. How do you define success in 
terms of this project?  
v. How do you measure success? 
vi. What is your decision making process?  
11.1 Fieldwork phase interview questions  
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vii. Do you have priorities and how would you rank them?  
 
3. Relationships and Interactions  
i. Who are the stakeholders in this project? 
ii. How do you communicate with them?  
iii. How often do you contact other stakeholders? Who do you most contact?  
iv. How often are you contacted? Who contacts you the most?  
v. What is the mechanism of communication (phone calls, meetings, letters, emails, third 
parties) in each of these cases?  
vi. How would you rank each of these mechanisms in terms of occurrence?  
vii. How would you rank each of these mechanisms in terms of preference?  
viii. What is the frequency of your communication? 
ix. Who produces progress reports?  
x. How is progress monitored and evaluated? Who undertakes this task?  
 
4. Sensory Variables  
i. What policies directly affect the implementation of the project (ODA partnership 
framework, national policies, legislation)?  
ii. Can they be categorized into positive and negative effects? 
What institutional structures affect project planning and implementation? Can they be 
categorized into positive and negative effects? 
What regulations affect project implementation? Can they be categorized into positive 
and negative effects? 
What social or cultural systems affect project implementation? Can they be categorized 
into positive and negative effects? 
How would you rank the impact of each of these influences?  
iii. How is this project influenced or affected by other education programmes in the state?  
iv. How is this programme perceived by the beneficiary communities?  
 
5. Adaptation  
i. What are the challenges you have faced over the course of the project life cycle? 
ii. What challenges are peculiar to each state?  
iii. Can these difficulties be categorized (administrative, social, regulatory, financial)?  
iv. How do you rank each of the different types of difficulties faced? 
v. How much flexibility do you have to make changes to project plans based on the level of 
difficulty? 
vi. Do you take any preventative measures to reduce the likelihood of difficulties? 
Examples? 
vii. When facing difficulties, what actions do you take to mitigate them?  
 
6. Individual Agent Motivations and Influences  
i. What resources are provided for you to undertake your roles and responsibilities? 
ii. Do you have access to the information you require?  
iii. Do you feel informed or actively engaged in this project? 
iv. What is your relationship with other stakeholders?  
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v. Do you have the opportunity to participate and contribute to the decision making 
process?  
vi. What are your working hours in the week? vii. How often do you visit the project site?  
vii. Is this a successful project? 
Would you change anything about the project?  
Questions specific to pupils, parents/guardians of schools:  
7. Children’s Experience  
i. How long have you been in this school? 
ii. Have you attended any other schools?  
iii. Do you know about ESSPIN? 
iv. Do you know what the programme does?  
v. Do you participate in SBMC meetings? 
vi. Do your parents/guardians know about/participate in SBMC activities? 
vii. What do you think of the activities this programme carries out in your school?  
viii. Do you enjoy coming to school?  
ix. What do you like/not like about this school?  
x. Would you like to go to a secondary school implementing this programme? And why?  
 
8. Parent’s / Guardian’s Experience  
i. How long have you lived in this community? 
Why did you choose to send your child/ward to this school?  
ii. Do you/did you have any other options? 
Do you know about ESSPIN? How did you hear about it?  
iii. Was this an important factor in selecting your child/ward’s school? 
iv. What do you think of the programme?  
v. Do you participate in SBMC/PTA meetings or activities? 
vi. Do you interact with the teachers/headteacher/SSOs in you child’s school? 
vii. Are there any significant costs/sacrifices you have to make to send your child/ward to 
this school?  
viii. What are the benefits of this school over others? 
Do you plan on sending your child/ward to secondary school after they finish primary 
school?  
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Preliminary Title - An Analysis of Complexity in International Development Programmes: A 
case study in the Nigerian education sector 
Invitation to Participate  
Thank you very much for agreeing to take part in this research project. I am a research student 
from Cambridge University seeking to better understand how development projects are being 
conceptualised and implemented in Nigeria. Before you decide whether or not to take part in this 
study, it is important for you to understand why the research is being done and what it will involve. 
Please take time to read the following information carefully. Please ask if you have any questions. 
Thank you for your time.  
Background  
This is the second stage in a project that aims to study the dynamics of social, political and 
economic systems as it pertains to the Education Sector Support Programme in Nigeria (ESSPIN) 
in your community. To do this, I will be studying the relationships and interactions between 
individuals and stakeholders to develop a model which can help in designing and planning 
development projects. It will analyse how decisions are made and help us understand how these 
decisions shape changes in the country over time, how agents adapt to these changes, and what 
incentive structures could lead to optimal cooperation and outcomes.  
Why is this Project needed?  
This project is being carried out because research shows that a substantial proportion of 
development projects do not deliver the long term desired objectives. The education sector in 
particular stands out as being in the forefront of national development strategies and the 
government has made significant efforts to improve delivery of universal basic education; the 
ESSPIN programme is one of those efforts. However, the number of out of school children in 
the country has steadily risen. The consequence is that despite the resources being invested, we 
are yet to achieve a sustainable solution.  
For this reason, I wish to utilise ESSPIN as a case study to explore how this project is attempting 
to address the problems in the sector, and the potential of this approach to achieving long term 
development impact. The anticipated output for this research is a powerful prediction tool, which 
can show why development programmes and various projects have not resulted in the desired 
changes we would like to see in the country.  
How will participation in this Interview/Survey contribute to the overall Project?  
In order to help develop innovative ways of targeting development interventions and national 
resources in areas they can make a difference, I need to explore the views and experiences of the 
stakeholders of this project.  
11.2 Fieldwork phase project information sheets 
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What does involvement in this Study mean for me?  
If you agree, you will be invited to participate in an interview that will last about 45 minutes. Details 
of the date, time and venue will be jointly decided with participants. The interviews will be one on 
one (with the exception of the school interviews where participants under the age of 18 will have 
a teacher present).  
The interview will be recorded. All participants’ views will be anonymised and will be used to help 
inform the design, content and modelling process at subsequent stages of the research process. 
The content of the discussion will be treated with the utmost confidence.  
Do I have to take part?  
It is completely up to you to decide whether or not to take part in this study. If you do decide to 
take part, you will be asked to sign a consent form before the interview starts. However, you are 
free to withdraw from the study at any time and without giving a reason. In such cases, information 
obtained from the interview will not be used. You can also decline to answer any particular 
question if you wish to do so.  
What will happen to the results of this Research Study?  
At the end of the project, I hope to share the main findings and outcomes with all the stakeholders 
and participants of the study, as well as to researchers and development aid workers in order to 
benefit the wider development community. Information from the interviews may be used to 
contribute to meetings, conference presentations and research papers. However, all data will be 
presented in a completely anonymised format and you will not be personally identified in any of 
the research papers or reports I plan to write.  
Who has reviewed the Study?  
This study has been reviewed and approved by the Department of Politics and International 
Studies, Humanities and Social Sciences Research Ethics Committee, University of Cambridge.  
Who do I complain to if I am not happy about the Study?  
If you are not happy about any aspect of this study, please contact the Research Supervisor, Dr. 
David Clark, dac21@cam.ac.uk. Alternatively, you can contact the administrative office at 
devstudies-adm@lists.cam.ac.uk or enquiries@polis.cam.ac.uk or cshssethics@admin.cam.ac.uk. 
Alternatively, call 01223 766238.  
Who do I contact for further information about the Research?  
For further information, please contact the Centre of Development Studies, Department of 
Politics and International Studies, University of Cambridge.   Email: devstudies-
adm@lists.cam.ac.uk Tel: (0)1223 337158  
More details can be found at this website: http://www.devstudies.cam.ac.uk  
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